WD 2003/ 104273 PCT/ GB2003/ 002450 1 THERAPEUTI C EPI TOPES AND USES THEREOF
The invention relates to epitopes useful in the diagnosis and therapy of
coel i ac dweeaekio42mcl udi ng di agnostics, therapeutics, KiPCT/GEab/veid00ds of
using the foregoing. 5 An inmmune reaction to gliadin (a conponent of
gluten) in the diet causes coeliac disedse. It, is known that immune
responses in the intestinal tissue referentially respond to gliadin which

has been nodified by anTHHERARBWEIC EPFLORES ANBWHESE] ¥ ac disease is

di agnosed by det ect : i I i i . t [,S,¢F €qui res
confirmation by théhgﬁﬁﬁ%ﬁgp%kkg@?ﬁﬁ%ﬁ%éﬁ??gh?%gﬁﬁﬁ'%%%gfv% yﬁﬁ i ntestina
bi opsi es. The tatkrndjseate, sgbiding disigopssiys, iherappaisaals, aad mefhods oftusimg izt | ent .

| nvestigators H@y%h%reviously assunmed that only intestinal T cell responses
provi de an accurat € 5 ndi cati on of the i nmmune response agai nst gliadins.
Therefore $hey havén coneentaciivet ghadit Kecompoeatt ofjghiconindie dletcaisks r esponses
in intestinal H%ﬁ%9§Sa%§19¥?%9&9&&&&%R§§Ss“h2Ch Q% ireh t ransgl ut am nase
modi fi cation (BEF8F ESPHay §FEOVE BEGGHTTREBYSTHE B e P en) are known.
The inventors hafeeertialiyndsione td gindinodar abéen meifidd b&-agliﬂtﬁﬁhﬁl eﬁi topeh
recogni sed by the jmmune system.n coeliac dj sease, apd _have shown that

o s F eomglSEbEBy e UGS RIS CHEHAEY SHoHPBOL A oBIA dual o wi ¢ h
coel i ac di seasgntibseies, B0 MOr&hir&bc6ABomatiSHBR the ﬂfa@in%%f WBhaPhbGHEd to be present
at hi gh enough, frequencjes to _ be detectahle without restinulation (i.e. a
“fresh respdns@ilogepies ndpesipalibaonsied uThy thans ofsush 2 bippy ieiBrenypacHider
identified usimgpaidaen-T cell cloning based nethod which provided a nore
accurate reflection of the epitopes being recogni sed. The inmunodom nant
epi t ope requires transHseEIHEIEviRYel RpeEeH gt plninssHerl el gispeniseut i on of a
particul ar gl ut,3pRBen LQuBtUhABRIE LS ETRHEnd ARG AYRLMGRE ARG 0N Bas ed
on this work the inventors have devel oped a test Ichh can be used to

di agnose coel i tey Hivesarisniateden bamvistigetinge! TThl raspasesiaynttseind disyieed out on
a sanple fro -] and I i I Qpsy is not
required. +%en?g§%hBQE%%%mﬁgggngnS|%$@%ﬁ%ﬁ%ﬁn@ﬁ%&@%§ﬁ%g%§h?£§§s whi ch are
currently bei ngeemisdd by He iinmvengyisem) tlelrsownovi des a net hod of di agnosi ng
coeliac disease, or susceptibilbity.to coeljac dise , . n_an individual
conpri sing: WD ZOOéPTdﬂfyggi%#%hﬁﬁ%gﬁpﬁﬁﬂﬂ Hnﬁmtgfgigﬁ?ggFfﬁgmg sanpl e

fromthe host wmcdégdnisadbagerithmaed @ctemdn Eoadiae (isdast, Ard have shown that this is

recognised by T cells in the peripheral blood of individuals with coeliac disease (see

20 WO 01/25793). Such T cells were found to be present at high enough frequencies to
be detectable without restimulation (i.e. a ‘fresh respohse’ detection system could be
used). The epitope was identified using a non-T cell cloning based method which
provided a more accurate reflection of the epitopes being recognised. The
immunodominant epitope requires transglutaminase modification (causing

25 substitution of a particular glutamine to glutamate) before immune system
recognition.

Based on this work the inventors have developed a test which can be used to
diagnose coeliac disease at an early stage. The test may be carried out on a sample
from peripheral blood and therefore an intestinal biopsy is not required. The testis -

30 more sensitive than the antibody tests which are currently being used.
The invention thus provides a method of diagnosing coeliac disease, or

susceptibility to coeliac disease, in an individual comprising:



epi tope conprising sequence which is: SEQ ID NO 1 (PQPELPY)or SEQ I D NGO 2

( QLQPFPQPELPYPQPQS), or an equival ent sequence froma naturally occurring
honol oguewof20ew4zy3i adi n represented by SEQ I D NO 3, (i IPCTAIB20m/(t0045e
conprising 5 sequence conprising: SEQ ID NO 1, or an equival ent sequence
froma naturally occurring honol ogue of 2the gliadin represented by SEQ ID
NG 3 (shown in Tabl e 12, .whi ch epj tO{)e is an isolated ol goﬁpe ti de derived
froma gliadin prot®gentagtingasample frpm,hg host with ap pgenbselqctedfrophiilthe j s capabl e
of being recousispsldmpriding séfbhceMEGALFEQ MAKO: I @EPENP SRS SEOIDNOLI 1),
which in the case of a peptide analogue is not nore than 50 10 am no aci ds
in length, or (@I\QPFé’thrEngBQP@ShﬁF P94y alewbseaienpiian agaliradly ascugéta ned i n
(i), (ii) or (fdd : Wl i ' .s In the
sanpl e recogni lgdéﬁ&l%%lglag%lg%%?&?Peeggeggrﬁdi ngEb%Hjt ﬂg%'l'wggblré@?pgaﬁlggljtﬂ?n that the
i ndi vi dual ‘hasseqeance eompsiggepit@ BP &Q: b or eweduiatentiiegeasefromhameugtily

conpr ehensi ve 1 e i adin T } 5 ee 1 anple 13),
the inventors %g@glhgﬁglg&? %n(gtthe%ﬂtag]gé r%slergtgyﬁ 5@?@@%@8‘@8} sa@:\ese in

HLA- DQ2+ pat i ebf shichemtopers anhedtedypiligaphprids ddnawd figm aighikdiaprot, €iiiy @guences

(e.g., SEQID - 18-,22). .and.. si.m | full length sequences .9., SEQID
NCS: 31- 36) | Lo S ek of Vﬁ%}@ i§ GAPAPIF REDNRT SR b%faé‘fﬁgép?oé%aﬁ, SEQ I D
NCS: 39-41); seecanies (i)kalflie s/hi2l imihd cadd of Apkehititie anlghyis nsemefeahaneypi t opes

bi oactive in coeli acddi ?ea e i(n 20 I%A— + ,Egti ents have been identified
(e.g., SEQ D MR 32997 leng@y or (1 2 Produ AOMBHERG TP RPpR&sYSER AL SA 8Yi des t he
dom nant epi t opeEi)loeGRY BAZ@Y dd¥miniE@hnl siro Wheth@al deBEInARYS dafipleSrecobids, t he
above-descri bed net hod and ot htgr met hods of the inventjon described herein
may be per f or nB&28F8} HGOFH{CTLY theE Sellstpdirating thaf the ddhndyal B otdpi t opes, and

anal ogues and feupyst Ntslbb&tRed., (i) and (ii) herein include these 25
additional epitopes. That is, the agents of the invention also include

t hese novel epit ogd&uerpempiaheasive BEPRIRSef Wicalaligdis Tesd epitoreneagent for t he

preparati ofs ofpampfl BINASHY IR RS ofsB o8 EpdbedtiTRADOMh b1l AEARSA N9

coeliac disease, or susceptibility to QOEFI AC di sease, in an Individual,

sai d et hod cdiptildgpadente mmthdr idesitsbiadies, havigsinddr|ceregkquehess (gl vi dual

recogni se the eGOGNIL L i 9n-hy. i ndi ' gt the

i ndi vi dual has, @ﬁgsslﬁgsc i fumeh Med Slehdys |06 S8 ISiid a0 5

PCT/ GB2003/ 002#80as iBryElecalinnatidrigrief hadeinsrtorgn SEQADMNDR:32p1 )t opealsahi ch i s

nodi fied by t sghrt am nase. (as wel |l .as the.additiongl aqther.epitopes

defi ned herei nia%gsgg A OV\‘gé(ﬁt(lzﬂ(ng%ﬁ(%%Vlegal 8‘?“0885311?35 Ved’fis,cg%ﬁa&(aﬁgasg‘éﬂl on

det er mi ni ngp WHELAEYQ83t fagientt fipe deaf idémifed &.g. r SEEPINNOSIAQ-44hite). pist ope are

present. Thus the invention. also. provides a.nethod of 5 di agnho ing coel i ac
[ LBGRE)(?V S cells -

di sease, or sUCERETFRT{CTAPPINg cSlominant §PHORES TRCRERIZY

in coeliac patients. Thus, the above-described method and other methods of the
invention described herein may be performed using any of these additional identified
epitopes, and analogues and equivalgnts thereof; (i) and (ii) herein includevthese
25 additional epitopes. That is, the agents of the invention also include these novel
epitopes. . |
The invention also provides use of the agent for the preparation of a
diagnostic means for use in a method of diagnosing coeliac disease, or susceptibility
to coeliac disease, in an individual, said method comprising determining whether T
30 cells of the individual recognise the agent, recognition by the T cells indicating that

the individual has, or is susceptible to, coeliac disease.



conprising determning the presence of an antibody that binds to the
epitope in a sanple fromthe individual, the presence of the anti body

i ndi cati ngotzaex/108tv@ i ndi vi dual has, or is susceptibl e POI/GRredI/@C45iI Sease.
The invention additionally provides the agent, optionally in association
with a 10 carrier, for use in a nethod 8f treating or preventing coeliac
di sease by tolerising T  cells which recognjse the agent. Al so provided is
an antagoni st of a HedefmnsghitrmEgdomingnt gpitiqpe s Bedifipdby r ecogni ses (i)
or (ii), optionalh¥aiihidSaocERhd @O aWMilidhaPotkdlhitdbs adibd hdtSH) L1 eﬁloWFt hod of
treating or preventing coeliac disease by antagoni sing such" T cells.

Addi tional | y ptiagrogiedl ¢osligaliscatgdasedmn daisrrainiicodpgter ¢thar tivien dSimmmnant i body
(that 15 bi nds, e i i:ng. .0 r eventing
coel i ac di seaslggé%ﬁsegtg%% %@{o@%%?f‘es%ﬂ; ?}(1) eréjiﬂlig?errllg&% %lécgﬁ%n){c/i@gsl adﬁt}%t ocf%fepr event

t he producti ondiegnosing boedinc dipdasdy odsusceptibiityi tneshité diseape, dvardiedivaluatet hod of
determ ni ng whet her. a .conposi t.ii on i s capabl f,causi ng.coeliac di sease
conpri si ng detCeoﬁl}ﬁrlrsl]inﬁéiet\?\’/%ge{tnﬁ%trdlef 'Bro é’?%ﬂ %né%%‘& tgat%qus Bgﬁhﬁapl@af“ﬁ ed by a

t ransgl ut am nasepledran thelindiv pehtthdeésecqud icandbodtahdiceidg 2t above i s present

in the conposition, the presence.of th .otein indicating that the
conposi tion i slllélgﬁgﬁlllﬁls’@? lscsﬁfngtﬁ’ée @o‘é’leﬁggc{lfﬁa?ease. The invention al so
provides a mutant diheagiefitiqa adtigionalMipasedesitetgtitiptiosefue nEeci SRR vt aodi fi ed

by a transglutam. nase to a s epce .that conprises an epitope.conprising
sequence af’ defFHEdORBEVR? mﬁﬁ‘ggﬁﬂi@ﬂnwp&ﬁ‘fen g Q14T Pestdyioladingt peen

nodi fied in sugs @hivBYecbhale thd aR0EAIRProFASH bR aRLIURNEE: TRdIGhiSigihsbe
nodi fied by a transglutam nase to a sequence_that conprises such an

epi tope conpr i 5T gl TeS@fdhE Excomiser () prginentionsily Bupetociatipvithe cefripriin
protein which js 2f mk@as gft%e'itigg;&%eveﬁl%&ﬁgdo%@mra%e%@ %y\alil;'eag&i&&ggam ges sequence

whi ch has been nodified in said way. e invention al so provides a protein
t hat conpri sesceds-saddibonaly proividad jsghaxpert or 3panadpese Hdt bindsanpngleddy (thetcept or
which T celd r ' , i seq is able to
Cause ant agoni S are L EER PRTAE FAEly ZHE Mg Lo SPRIERTE° 0

2003/ 104273 PGHiERBRO03/t0edsdENthe thdAditint to preakiityhet freduchoresftsucinarpmobedyes a f ood

t hat corrpri Ses the T@lre% fltjﬁ)% r(?ﬁ(ﬁé Q%]ﬁ?ota%\fﬁete lf 111 \Bvﬁet er aTIE)lI% lOSl 10'%1|\”_.I ON 5 The
present invention provides et hods 0 preventi ng®or Feat ] ﬁ’g coel'i ac
di sease conprdapatigofadnding ®kkaci digadecomprisingldetérahitddg @hethed apiotein eapablent

selected from _a). a t.ide conprising. at | east .qne epito conprising a
sequence sel ec‘f@%mmg%dﬁﬁéﬂg’y aéﬁaﬁ{%n%%s?é‘f ?‘hﬁ&l%?epéaﬁﬁ%g%@eﬂp&f@? 2, 31-36,
39- 44, and2046, abandiseasént al @etempdsiionand presnck dhatorMah@aiag @fat @p which is

capabl e of being recognised by a T cel|] 10 receptor that recognises the
pepti de of a) "é’% ORHPIER Ci‘@glﬁé’% °Hi5g cPHRR I8P i no aci ds

The invention also provides a mutant gliadin protein whose wild-type
sequence can be modified by a transglutaminase to a sequence that comprises an
epitope comprising sequence as defined above, but which mutant gliadin proteiﬂ has

25 been modified in such a way that it does not contain sequence which can be modified
by a transglutaminase to a sequence that comprises such an epitope comprising
sequence; or a fragment of such a mutant gliadin protein which is at least 15 amino
acids long and which comprises sequence which has been modified in said way.

The invention also provides a protein that comprises a sequence which is able

30 to bind to a T cell receptor, which T cell receptor recognises the agent, and which

sequence is able to cause antagonism of a T cell that carries such a T cell receptor.



in length; and c) optionally, in addition to the agent selected froma) and
b), a peptide conprising at |east one epitope conprising a sequence

sel ect ed WoamdE@78D NO 1 and SEQ ID NO 2. In sone enirediCBR200X%002450e agent
is HLA-DQ2-restricted, HLA- DX®B- restrlct ed or one agent is
HLA-DQ2-restricted and a second agent is4HLA 15 DB-restricted. In sone
enbodi nents, the agent conprises a Wneat epitope, a'rye epitope, a barley
epi tope or any contiddgiongly tfl%@ﬁ’@ﬁllon@rqvﬁéﬁﬂ@déhaéf:%@?réesa@@ﬁlto’fe@ﬁ as multiple
agents. The present jpyvention also provides nethods of preventing or
treating coeliac disease conprising adm nistering to an individual a
pharmaceutical conposition 20 conprising an agent above and

phar maceut i cal di luent. The present invention also
provi des net hoéc}ﬁ\ﬁ)@glgr evenﬁEﬁﬁg\( orﬁrde}gtl ng coeliac disease conprising:

adm ni stering Te massemtnniweuiuduabwaespimlmdaoéprbvemahg adrepisy doeldar diasEpr i Si ng an
ant agoni st of a gmn as a él' ((;1 | torn q({gned above, and a
phar maceut i calﬁoi}lpéélg%ﬁ‘%%% aryiier Blruél enf’ i3 t‘FFlgc‘f) Q8P 4 nvent i on

al so provi des peptifeodsnpoibing bidudnbricrgitere cbm@ﬁimgwgseqmﬁice ealectazlufﬁmaﬂle conpri sing

fo a ol i adi n’ pRONGrAHEBEe N CRIE R sler oo i andespfaBRsant | body
response to anhageindas ad@ﬁdwgaéoammchmm;ﬁble@ﬂmﬂe&dg@ﬁea:mmcs@s an agent
as defined above. 30 The present jnvention_al so provides nethods _of

preventing'br f??e@%ﬂﬁ‘ﬁfeé‘é%lﬁe%@e Peftide 95 aBg Wiych s nay e thep Sbanipaacids sease in
an individual BYer@itt BRI ) ofthor tu@-ﬁ:&dlﬁlﬁh 18 the 2 8EM k&ediddaPont BRNAGS b pibide at

| east one agenlt sgl ect e(% ??omw i) a pepti deg(f:mgnprl si ng Ebea V\[? 6)\6%/ 104273
PCT/ GB2003/ 002450risiBg pidgast onsipitensi compesipeafraierich @el%t@eftﬂ%ﬁ@@ IB&N@&Eted from
the group ConsdnﬁtS'E@Hj)ltIO ZSﬁQomleQanJ:ﬁts che ag%ljrt 1§ﬁLA3ﬂ9Qf’4estrfb'?éjl Apa_and
equi val ents ther eof an anal ogue of i s capabl'e of being
recogni sed by laQﬁ“I@tﬂcltedrﬂéewgﬁmlﬁ H&A- E@%@Qjﬁi@@nﬂys@ﬁﬁdawﬂéﬁ% not nore

t han 50 amno [ 0. othe 5
agent sel (ranjcgtﬂ'edﬁgi!r3 g%nn{ &gﬁj@enﬁ&ﬂm&t e%%fgcr%g%é%éﬁa“ﬁwﬁ%ghﬁ éc: e epitope
conprising a @ﬁqpﬁenbalwebemwd axﬁymmbSE@oﬂl DetdoSitherasa siglecagentdeber m ni ng i n
vitro whet her Tuli ]f[slal esml n the sanple recognise the agent; recognition by
the T cells i fdFERE |ﬁ Yhat the individual has, or is susceptible to,

coel i ac di sease; orlhg p&dmt mvsﬁtejhlaikg pﬁﬂlcﬁgﬁﬁﬂm%ofpdﬁféhtﬁ@@r&bﬁﬂg ca¢lthc

determ ni-ng in.vivo whether T cel CH dzﬂ 1\{I dual I e I8n| se the 10
agent , recognlqlfeﬁ?f’ GFPPHES écbjélﬂistepﬁ%l OC%IP Yhae Qrﬁ’é‘cquﬁ‘éﬁ PRSI Ras or is
suscepti bl g t Confp@ieing aﬁa%hﬁeﬂ;@ﬁ@and%ihdm&):ctﬂi@ﬁﬂﬂc&épﬁbld’h@rﬁe@oﬁdlhieﬁltdl vi dual

di agnosed as havin ein ceptible to, coeliac disease a

t herapeutic agent f FP&P%\‘}EWFWW& E‘P PFqVislep MsEpodofpreyenting o Fgame coeliac

disease comprising administering to an individual a pharmaceutical composition

comprising an antagonist of a T cell which has a T cell receptor as defined above,
and a pharmaceutically acceptable carrier or diluent.

25 The present invention also provides methods of preventing or treating coeliac
disease comprising administering to an individual a composition for tolerising an
individual to a gliadin prqtéin to suppress the production of a T cell or antibody -
response to an agent as defined above, which composition comprises an agent as
defined above.

30 The present invention also provides methods of preventing or treating coeliac
disease by 1) diagnosing coeliac disease in an individual by either: a) contacting a

sample from the host with at least one agent selected from: 1) a peptide comprising at



The present invention also provides agents as defined above, optionally in
15 association with a carrier, for use in a nethod of treating or

prevent i fgocoed/10az73 di sease by tolerising T cells whi chPCFGRMIE®2450e
agent. The present invention also provides antagonists of a T cell which
has a T cell - receptor as defined above, Soptionally in association with a
carrier, for use in a_nethod of treating or preventing coeliac di sease by
ant agoni si ng sifaf oFe griopg compyisinge Sﬁqlﬁé@rﬁﬁleﬁﬁ@gﬁ@iﬂé?rBT@}}Psc@nf}FtWiO@e%EQ)r ot ei ns
that conpri sesyaNeRUENS 618613004, At ALK dyRivRiRe iHeRoA ai{%ﬁ)ezln'anm% or,
which T cell receptor recognises an agent as defined above, an ich
sequence i s abléhi@ ig eapglle ahbairpoiaragmised bisa T celbtereptdiahat rasagmijeed asdich a T
cell receptor. . ' don.-al. oy j.ca

Compos & ons. curars o ERER b XAk i R R IR P RORIEPE R e

phar maceut i gal kgenbesteist dloine) el in)i @peptide caiirismgtat ledsh engpap@sgntoniprivieghi on al so
provi des conposi tion 0 LS4 an individual . .to.a.gliadin_protein to
suppress the p?eé& éﬁl{(%? ?%%C?%dféoéjll %gg?lrm%$p%c{?%%§é{??§nﬁn lélevltgoowgfﬁfjer gent as
defi ned above, calkiictic sonpiosicognie tieogpint esnitiondg et T adls deidatigckhafipye. 30
The present inyvention al so ﬁpr ov@.@e&/co%?i tions %@r .ant agoni si ng a T cell
response to an"SHEHE K& G TIRER RSy &0 liah s ShYFSPimigsT EYEAS an

ant agoni st as defekd niege ahbdtermWih A 030 14 éST POIE/CR2 QQBAQR2AENiR tihe
present invention also.provides nmutant gli afgi n proteins whose w |l d-type
sequence cah bEERbIHCPFULPTRS e agrninditating Hirhihe mdividugl hag quis sesseriific i s an
agent as defi aRtlad disdabebid 2),adMiHiteingd adindBAdudiidnBde@ b ehdVipOBBiHes a
nmutati on which prevents its podification by a transglutam nase to a
sequence whi chsuseerbile 4 &pgliag disepseia fhierpertisyains for prevanting og e epelisch a

mut ant gl i adi ng;pe.edein which is at |east 15 amno acids |ong and which
conprises the nutation. The present invention al so provides pol ynucl eoti des
that conprises a cobieiesenfdgiaiinnealomnaevides eeuesasaleredtabpve, optiohalgirent as
defi ned aboye. Ssent.. i i.On- i rising a

pol ynucl eo? ?/deasgitqad%%g%% icﬁfergxgﬁ%{\ﬁg&oarﬁ%\ﬁ?% tﬁ\é% %gge%%ét%ﬁgg%ﬁed w th such
a pol ynucl eot i discaseThetoprisisg Atcellawlbel teovpnik $ agerdvi des manmmal s t hat
expresses a T cell L. i ove. . Th esent .i.nvention al so
provi des net hods ofpfhgi%gegéllgé?vﬁg Oggazﬁroipg%g%f‘?sg%tééoen} Sl_sooﬁapé‘ﬁjsg&e]%% }Bls'fli tcﬁﬁt o]

coel i ac di seasegeptar agdefinad pbave Uepltionadlypu bsodigiona)ithaaatrie tfonge i sanpl e 15
fromthe host with, at | east one agent.selected fromi) a pt.j de conpri sing
at |east one epr 18%8}%66‘ ?rﬁrﬁlﬁntg%scgalﬁ?gﬁésga% i’V&EtP%Od“Sf‘%gogfﬁtﬁéelkr oup

consi sting2of : SEQ TH present invention also provides proteins that comprises a sequence which

1s able to bind to a T cell receptor, which T cell receptor recognises an agent as
defined above, and \;vhich sequence is able to cause antagonism of a T cell that
carries such a T cell receptor.

The present invention also provides ﬁllarrnaceutical compositions comprising

25  anagent or antagonist as defined and a pharmaceutically acceptable carrier or
diluent.

The present invention also provides compositions for tolerising an individual
to a gliadin protein to suppress the production of a T cell 'or antibody response to an
agent as defined above, which composition comprises an agent as defined above.

30 The present invention also provides compositions for antagonising a T cell
response to an agent as defined above, which composition comprises an antagonist as

defined above.



NOS: 18-22, 31-36, 39-44, and 46, and equivalents thereof; and ii) an

anal ogue of i) which is capable of being recognised by a T cell receptor

t hat recogoizeexioul73and which is not nore than 50 am no PETIGE003700ReNgt h;
and iii) optionally, in addition to the 20 agent selected fromi) and ii),
a peptide conprising at |east one epitope conprising a sequence selected
fromSEQ ID NCS: 1 and 2; and b) determining in vitro whether T cells in

t he sanpl e recognl§éﬁmﬁéﬂégﬁwﬂwn@@@®qWWEﬁDhm@yéwﬁwrmﬁ®é$Wbm%ﬁﬁkk@Pqng t hat
the individu M, .l T esent

i nvention a|s§k8?%§? g§m§§F§ﬂ§%§BHﬁg ﬁ%%ﬁ?ﬁ%%§£ﬁﬁgIﬂgaﬁﬁﬁ%%nuggm%élt|on is
capabl e of caudkifined mw@hmdcwtjllchemslet gimdmmr@alngommm armutaltlgn\Mhehher a
protein capabl e of t.o_an ol i gopeptide
Bequence. o prabict bt ho e Bah 3RS s ATAIT ¢ o2 RksBlis

i ndi cating ihakfthMxNQmpaﬁugnmnofSmhapmmmﬁgmﬁHQﬁuﬁmn@nﬂnehﬂaﬁtdﬂsease The
present inventiaon al Q_provi netho i dentifying an antagoni st of a
30 T cell, mh|%Wﬂ%a%§1P ‘gﬂé&é@m5ﬁ$ A def i ned above, conpri sing
contacting a candndlatpﬁesawhﬁbﬁmalwptdhdeh9oliyrmmwohdeam1ﬁ&t dahmatd Dgpdptpet her the
substance causes a decrease in the ability of the T cell to undergo an
anti gen speci fie8U58% {atiagodet p Bl PdtrsrEDles Aotinse rPI82003/ 002450 7

detecting of any sugh peaed: BRSRidnIsd Pt iRE Llisto¥mpGhLAbdRBclhile &he
substance is an antagonlst The preéesent invention al'so provides kits for

carrying olft afpfined abone ohipfolps berstEanslones We@wﬁw@%d@n agent as
defined above and 3&“11'3%%&&‘&%&%%% pEle‘?deg’n{aﬁEr%Qr{hatt'e%}es%@s 4 PeiPRpldie by the
T cell. The present invention also provides methods of identifying a .
produc; whi ch dsglefinddembayreuti c for coeliac disease conprising administering
a candi date subst anGe of o inydHRs 3oy AL LRHAARN B LSRRl i Ch | S
suscepti ble to, coe I sease an term ni ng wiet stancé prevents
or treats coel Siuacchtilmhya:s eodlipc dlh@smmhdlvrcdh@ cothpriging epeeniaotingy sampiat ment  of
coeliac di 7EASE Olll’l qg'h%@tt 1ﬁlgatﬁe ﬁtoné n? é’e?e%%ea?r%m 1{)% ep'ud(t:1 & rrr?x? %%lr;[ | %egr OdUCt The
present inventi of 1des processes 8 otr 014 protein
encoded, by a cmdlepgomeqmgmmg a&qdmbe m«sl:tealfmnethm/gionn c@fs&ﬁﬁ@ﬁf SBQUDI ses: a)

cul LYot 0 8 s U5 D50 ARt g LS RO L0 Bl BB,

protein. The pmaemtcapdmeaﬂu)bmg\reab@ﬁseprbgawmﬂ réveptbols: redoghibdsd) aHdng a
transgeni c plant,  cell conpr|5|ng tra sforngng a.plant _cell with a vector
as described aByFRismet Grgdhay SOpminpacidsinlepgty,and i) gptionplfy, ig addition toithsyent i on

al so proviges Jphierdsie@froRR} Al Npeptidd doffpriGies 81édsi @ epitope comprising a
sequence selected from SEQ ID NOS:1 and 2; and b) determining in vitro whether T

cells in the sample recognise the agent; recognition by the T cells indicating that the
individual has, or is susceptible to, coeliac disease.
The present inventiop also provides methods of determining whether a
25 composition is capable of causing coeliac disease comprising determining whether a
protein capable of being modified by a transglutaminase to an oligopeptide éequence
is present in the composition, the presence of the protein indicating that the
composition is capable of causing coeliac disease.
The present invention also provides methods of identifying an antagonist of a
30 T cell, which T cell recognises an agent as defined above, comprising contacting a
candidate substance with the T cell and detecting whether the substance causes a

decrease in the ability of the T cell to undergo an antigen specific response, the



20 transgenic plant conprising regenerating a transgenic plant cell
transforned with a vector as described above to give a transgenic plant.
The presewD 2008vmi73on al so provi des net hods of obtai ni n@Ca/aB2avs@essioc pl ant
seed conprising obtaining a transgenic seed froma transgeni c pl ant
obt ai nabl e as descri bed above. 25 The present invention also provides

nmet hods of obtaining a transgenic progeny plant conprising obtaining a
second- gener atdetnsting afnsy ewibelegreesg anspidmrbaily indicativg thatfthe sybstyaéraat i on
transgenic pl arﬂlttaﬁBBEtai nabl e by a nethod as described, above, and
optionally obtarmng transgenic plants of one or nore further generations
from the second- gélhepatsen mvpniogedsp ppivates kithios captyingi oneahy 3 thethethgt esent

i nvention al so, provides transgeni c pl.an el l.s | ant s | ant seeds or
br ogeny I ant SBBLH AED OBy I et RboseEn e el iRl s B8 Vo
2003/ 104273 PGELdBRA B D6 2éE e b thEMeceflr esent i nvention al so provi des
transgeni c plants pl ant .seeds _conprjsin I cells as_descrj bed
above. The present QJ}'rhﬁ%eﬁ?TFB}Ye%roz‘é}&lSBP%?d&é?eg*Pg%@’ngl 0% 2RFPAUCkIVRICR & | uses
conprising pl@askpsgt s cadiadesedst bashrabevemahidingakbiidstofmbaadkansgeni c
plant cell, first-generation ant, plant seed or progeny as defined

5 pl : ant. . rogeny.
above. The pr B¥ANA} a5ieigdahovs vdichiesar gdichipiusesatblp fo. 6plias isease arder op

product  conpricirmehikbak M kinBtafcerARnB LALLM cobiRMiRaRliR M ndemdhOg to any
met hod described above and optionally further gr ocessi ng the harvested
23

product. THe prewsaten enfiratmenbeicapling disease indicatingbet thrwbstansapyd ses a protein
as defined 10;aboveeBRh&EF DESCRI PTION OF THE DRAWNGS The invention is
illustrated by the acgonpar_lyi ng drawi ngs in which: Figure 1 shows freshly
i sol ated PBMC ( per iThheres¢nt bivedtbnmisa ornyedes roceseds| B thd profietipn B 4 [8PEH
responses (vertical IS 1 I . ) to

transgl rtam naélé:g’%td 'P?;;éctg crh(ﬁag?e\g@el%g %e%@%d;%b{%g%%gfgia? foggss Bégﬁngg ach peptide
10 g/ m) i nclandtivagng 4 sedl devebbdppvegndbbemdiiosptarallng the- gbicadomof3ie 85 (see
Table 1) and a- chynot rvpsin-di gest.ed.gliadin.(40.g/m) in coeliac disease
Subj ect 1, Pildnj TPy ?/ndltoﬁ%1 g?aélﬁibgrselg%‘ﬁnfl DS rﬁsgse%lgré’%ﬁgen free diet then

chal I enged with 200t bresad irdramtiop atso pravitdee meioddaf\odtaininggn tkayggehio(fint PBMC

| FNy ELI SPOT responses by Subject f 0 tTgt reated, A-gliadin peptide pools
110 spanni ng CRESEBITEVEERIYE aalhl GHONE veatt i FLRt 4y° FoPEas
chal | enge (b).trabbgnttaldnzedlt al axis shows days after commenci ng bread.
Figure 2 shows PBMC | FNy ELI SPOT responses to tTG treated peptide pool 3
(spam i ng A-gl i adi nPSPrESY VARG P VEFAMCLee TRl e e g npREe s
(vertical @xi Syansgenic plant comprising regenerating a transgenic plant cell transformed with a

vector as described above to give a transgenic plant.

The present invention also provides methods of obtaining a transgenic plant
seed comprising obtaining a transgenic seed from a transgenic plant obtainable as
described above.
25 The present invention also provides methods of obtaining a transgenic

progeny plant comprising obtaining a second-generation transgenic progeny plant

from a first-generation transgen.ic'plant obtainable by a method as described above,

and optionally obtaining transgenic plants of one or more further generations from

the second-generation progeny plant thus obtained.

30 The present invention also provides transgenic plant cells, plants, plant seeds

or progeny plants obtainable by any of the methods described above.



25 shows spot formng cells per 106 PBMC, initially in remssion on gluten
free diet, challenged with bread for three days (days 1 to 3). The

hor i zont avoaxo®103110Wws days after comenci ng bread. (a) PCPENR2003ANg45El | Spot
responses to tTGtreated overlapping 15ner peptides included in pool 3;-
bars represent the nean ( SEM responsesto individual peptides (10

pg/ 1111) in 6 Coeliac disease subjects on day 6 or 30 7(b). (In individual
subj ects, ELI SPOT rlbsprsenéivesiopepe powslenarnssyud pentaeradangseeds % of response

elicited by pe%&j@g%é@aﬁt Afs %hﬂ%@;b@é’ﬁg?ﬁ vertical axis.) WD 2003/104273
| shows

PCT/ GB2003/ 002 gure | FNy ELI SPOT responses to
t TG treat ed truncatlihepssendfnvésighiabdiprovisies #amsg@iclpldlt celBeallgsas epmpssny t he

mean ( SEM in.5 | i ac di sease ubj s. (Iln individual. subjects,
feaponses ver PEkrabIaPea b RE SRR B o Rer ™ M SRS By by any
of the pepts dasgartgsineeeell obpbpgiyrae dédimsiabs/ehow t he m ni mal structure of the
dom nant A-gliadin i tope. S ed. usin T eated 7-17ner A-gliadin
peptides (0.1 M | AGP BRI ¥°“@§§8’HE§?”&%@%1‘§9%§E@%WW%“(A-g| i adi n
62-68) (a), an@nipheingdieesieph tideproduitithalll phiiGedoi@at RAY ndtHodW t h t he
substitution CC}@ EG5 (b). Each line represents PBMC | FNy ELI SPOT responses
in each of thre&&rserhoye 2p Feiualydpihes prosessing fisyharyesed Pduetaf t er bread was

ingested on days 1-3e pfekéht invehiiohdisdbrovidRl 8ol $hat Edrhpeisédla pro@ERQASHRIVET €
cal cul ated as a % of %Jhe response elicited by the 17mer, A-gliadin 57-73.)

Fi gure 5 sHows*PPHe anino acids that were deanidated by t TG A-gliadin 56-
75 LQLQPFPQPQLPYPQPQSFP (SEQ ID NO'5) (0.1 M was incubated with tTG 15
(50 pg/m) at 37C for 2 hours. A single product was identified and purified
by rever se -phBRIBPDESCREFRHEOMN OFIIBR MRAWINGS| owed % deamni dation (Q *E) of

each dn residue i - gl .t adl I 5 e . be cal cul at ed
(vertical axis). ilaﬁlrvgllltg%g%]{gl\l/@g%eﬁg)yglﬁéf %E?H%a?9%gg}sa&1%%t§? %{gw% +E in
A-gliadin 57-73 at Fagune! shpwsiftesidnsolated RBYMGE (peniphem! §86d mwnorgiclehecelly ner s:

ffi LPPFPQPELP . | D \ E57.6 QPFP SEQ I D
NG 7) (£S5 7)) BB YpaE ) SstpR et by TR R PO R

QL QPFPQPEL PYPQR@S:1(t5n@abd it TE)- t2pte(l REGIntichtet! heeide Gow 3i(eech gemidade pgidl) ect s on
day 6 or 7 after hread was in ted on da -3. . Vertical axi s, shows % of

The Bos 1 eopdicatnSB et st A s dh sl lealuns Dapdise- 75 (0. 1
M elicited | RNy@otripsinSBEdted @ ROm &0 g/l (rBdociHoHiRAG SubRctmagiedlyen bead

depl eted PBMC. (Bars . represent | eted PBMC responses as_a_% of CD8

Conl et od PO PutHER SulsS ek ticn Bradink b engel vith 1002 Srrepabcieniietad POVC

were: Subject dysB8m dapd (apUPBRE! IFNy ELISPOT responses by Subject 2 to tTG-treated
A-gliadin peptide pools 1-10 spanning the complete A-gliadin protein during ten day
_ bread challenge (b). The horizontal axis shows days after commencing bread.
Figure 2 shows PBMC IFNy ELISPOT responses to tTG-treated peptide pool
3 (spanning A-gliadin 51-85) in 7 individual coeliac disease subjects (vertical axis
25 shows spot forming cells per 10° PBMC), initially in remission on gluten free diet,
challenged with bread for three days (days 1 to 3). The horizontal axis shows days
after commencing bread. (a). PBMC IFNy Elispot responses to tTG-treated
overlapping 15mer peptides included in pool 3; bars represent the mean (+ SEM)
response to individual peptides (10 pg/ml) in 6 Coeliac disease subjects on day 6 or
30 7(b). (Inindividual subjects, ELISPOT responses to peptides were calculated asa %

of response elicited by peptide 12 - as shown by the vertical axis.)



6: 535). (b) PBMC I FNy ELI SPOT responses (spot formng cells/mllion PBM)
30 after incubation with nonoclonal antibodies to HLA-DR (L243), -DQ (L2)
and -DP wWB20®&31104%730 pg/ m ) |l h prior to tTG treated 56- PET(@B200302450 t wo
coel i ac di sease subjects honobzygous for HLA-DQ al *0501, bl *0201. RECTI FI ED
SHEET (RULE 91) WO 2003/104273 PCT/ GB2003/ 002450 10 Figure 8 shows the
ef fect of substituting GQu at position 66 for other amino acids in the

axi s shows the % response in the 3°

i mmunodom nant epitgpe._ The vertical

subjects in rel ati ¢rE¥D3 fW&SPM‘%%H%RQTee&qnéeﬁémm-gmt@imnm t he

. tivi | : e . _ .

i munor eact i Vi §fyA-Qfiadid4 47 lol YUMIC Bk rbftBset théfhbdh WEWI@%E% ng  12)

responses from 3. subjects) which contain the seq
with (shaded) REcki isdividpdsekies, rasporses rraralowated as theaVinefithe mEtigal e 10

shows CD8, CD4 Ade iR REnT § b dokifes tipdgnonegnet i ¢ bead depletion of
peri pheral bl orgs noeneolnuc a?ycgtﬁﬁéppg%sr%t 0 coeliac subjects 6 days after

comenci ng Yl ut en dligiiré 4 slpeshov thewaidingy struvhae 6fthodomjame -gHalibppitopsd 10
gliadin 57-73 ’ reat ed chynotr i n-di gested gliadin
(100 ntg/m) ‘%G’Eﬁ’%g%{f%%@é}“rﬁaﬁel\%%é‘eh}%@ga‘ﬁg gg?ﬁ@F%@ﬁ.ﬁﬁlaaP@"& eshows t he
optimal T cel |sﬁqmnﬁ@wapmmgt(smlﬁ>gmze) (A2 RHDW-68) (2,508 fHeSoRe pf?ﬁﬁegl iadin
57-73 QE65 with. ot ept i Jna e.resp sfudy, 15 Figure 13
shows a co nparwglgcf]ilt g‘FG g?a?'ﬁ?ﬁg E‘i%@rﬁﬁ %‘gﬁﬁm%%%%&@@gﬁ% ESPFSERts r esponses.
Fi g ure 14 shovRBMOLFNy Eagsmgi Ibsr?oﬁn‘es Ell daad?mhxﬁebwr?b afﬁéa%érﬁnﬁdats%eia& 8c

subj ect s. i gur. 16 show the_defjning of the core epitope
sequence. I‘A:gu?reﬁﬁ}f%af??w lgg?éﬁﬁ?rhéayéé%ni m%%@}*ﬂ}iﬂﬂpe% EWSOTadi n 57- 73
QE65 vari ant s. respfdsdsivgtt @lcafited AONT, GEHBPRISMDSe dlidite By 88 ERherPALIBHRL 9 OUpS.
Figure 29 shomg_]_?%' oactivity of prolam n honol ogues of A-gliadin 57-73.

Figure 30 sho r healthy HLA-DQ@ subjects, the change in I FN-ganma

ELI Spot responses tRigird Ssldnathetiiftacitlsitad wareRRthideied BPAIE - AfligMh 8631 shows,
for coeliac HL,(A%% ﬁéﬁie ts tgg cgan e in |FN-gamma 25 ELI S{)ot responses
to t TG deani da R ]?chp?é{ﬁqp F&FR ID Q5@ 1390sasireubsied withtBF pept i de
contributi @ns (50 ugAINEBA’C Sk b A6kE A BRBliptfRIubSRRIBRRedInd Phifcyshows, for
coel iac HLA-DQ2/ 8 subject CO8, gluten challenge induced Fl\?/ LI Spot
responses to t PRI G HminRarid apaps dlewsd e deamulgtiont (rE) efeagihows, for
coel i ac HLA- DQBhnSresiaR)if Alglfalif,56 b UitSbutsbIAb0 BB §Ebe calculated (vertical axis).

Figure 6 shows the effect of substituting Q—E in A-gliadin 57-73 at other
positions in addition to Q65 using the 17mers: ELQPFPQPELPYPQP@S (SEQ ID
20 NO:6) (E57,65), QLQPFPQPELPYPQPES (SEQ ID NO:7) (B65,72),
ELQPFPQPELPYPQPES (SEQ ID NO:8) (E57, 65, 72), and ‘
QLQPFPQPELPYPQPQS (SEQ ID NO:2) (E65) in three Coeliac disease subjects on
day 6 or 7 after bread was ingested on days 1-3. Vertical axis shows % of the E65

response.

25 Figure 7 shows that tTG treated A-gliadin 56-75 (0.1 M) elicited IFN-g
ELISPOT responses in (a) CD4 and CD8 magnetic bead depleted PBMC. (Bars
represent CD4 depleted PBMC responses as a % of CD8 depleted PBMC responses;
spot forming cells per million CD8 depleted PBMC were: Subject 4: 29, and Subject
6: 535). (b) PBMC IFNy ELISPOT responses (spot forming cells/million PBMC)

30 after incubation with monoclonal antibodies to HLA-DR (L243), -DQ (L2) and -DP
(B7.21) (10 pg/ml) 1h prior to tTG-treated 56-75 (0.1 uM) in two coeliac disease
subjects homozygous for HLA-DQ a1*0501, b1*0201.

RECTIFIED SHEET (RULE 91)



i nduced | FNy ELI Spot responses to tTG deam dated gliadin peptide pools. WO
2003/ 104273 PCT/ GB2003/ 002450 11 Figure 35 shows, for coeliac HLA-D@B/ 7
subj ect GAP,20¢/w8Ea chal | enge i nduced | FNy ELI Spot respergER0030002450

t TG deam dated gliadin peptide pools. Figure 36 shows, for coeliac

HLA- DQB6/ 8 subj ect Cl1, gluten challenge induced | FNy ELI Spot responses to
t TG deam dated gliadin peptide pools. 5 Detailed Description of the

| nvention The ter ndigugoéphoes th @?@afs@su@ﬁ&@n@@bsmoamwé oF efher@mirondi t i ons

caused by, var it AHRGTa R ShEL Sy RS thintis shOR) el Bt Be 1o m

characterised I ntes nucosa erp astic vi ous
at rophy) and 03h@lecfsomm@tmhm@ctremm@édmmmtdp'yomri | der synptons. The

i ndi vi dual nention I n f d| n05|s
human. They may ha\%gglc oeﬁ?& %} IEslglgusn gl% és:n nat'tlm oras g{ﬁdtmn%etp 5%@) or
suspected of h@wasging tespdisesyfromy sﬁl}eottﬁr) wmoglcuntelnﬂﬁerse@edceeEQLHYi@EQrﬂy be | n

an acute pha X. | et have. c Ilac di sease, but
have only |ng:§?é§§%§p§ﬁiﬂéegﬁm}d %Bt (Elﬁgr?%é‘lf lgasﬁg?ag?‘g whi ch they had
been on a gl uten f@@rdll@ihoﬁx@lcmCDQ Br 28 dddysppoifid hemimddiayhadivabadray be
susceptible to. c iac di such a etic sceptibility

(det ermi ned f ofeP a‘hﬁiic@nB r‘?ﬁ?ﬁ""ﬁﬂ&ﬂ“@?‘ﬁ ¥CE1%53IPWJWP(SP% %ecﬁquﬁ‘y%oel i ac

di sease or posggs &hﬁger@ﬁ{mtmlﬁherfgam@wea eylhﬁ@faﬁdntgaﬁlﬂaatmsml nac di sease).
20 The agent The agent IS@C&EI cally a e, for exanple of length 7 to

50 ani no aél dsgliadigydh/34eEePd2 sl @ﬁ-tlﬂst?e@@hmotawwﬁdhﬁéﬁe@shqdﬁlﬁleﬂgt h. SEQ
ID NO 1 is PORELEY:) &;E@ak% M%/%nlv&ergm@ﬁ’%?%&?w@@ 25 SEQIDNO3 is

shown in Table 1 and is the sequence of a whole A-gliadin. The glutamate
at position 4 of SERWwOlNbovsthepniival berll pgopsdeigthon 9 of SEQ ID NO2) is

generat ed by transgj%&@g %@@a%ﬁq&x{ggﬁ‘éf& 149578510865 WA ofGH IglaﬁmH&y be the

peptide represente EQ I D NO an epitope conprising sequence
t hat conpri sesin8EQsd @sm@;elsnwm ch is an isolated oligopeptide 30 derived

om 2, 81 8011 Pr oLl SR SR s MRS BRI SRR,
Thus the epitaopsponsmmy be a derivative of the pr otein r epresented by SEQ ID
NG 3. Such a deri V%éu\{g IJ, sﬁmws the%?c%/ct]ﬁgtd}'?&%had%r po yll%grggljsr(r)l(s)lzndb% eliac s%bjects
Figures 15 and 16 show the defining of the core epitope sequence.
Figures 17 to 27 show the agonist activity of A-gliadin 57-73 QEG65 variants.
20 Figure 28 shows responses in different patient groups.
Figure 29 shows bioactivity of prolamin homologues of A-gliadin 57-73.
Figure 30 shows, for healthy HLA-DQZ subjects, the change in IFN-gamma
ELISpot responses to tTG-deamidated gliadin peptide pools.
Figure 31 shows, for coeliac HLA-DQ?2 subjects, the change in IFN-gamma
25  ELISpot responses to tTG-deamidated gliadin peptide pools.
Figure 32 shows individual peptide contributions to “summed” gliadin
peptide response. 4
Figure 33 shows, for coeliac HILA-DQ2/8 subject CO8, gluten challenge
induced IFNy ELISpot responses to tTG-deamidated gliadin peptide pools.
30 Figure 34 shows, for coeliac HLA-DQ2/8 subject C07, gluten challenge

induced IFNy ELISpot responses to tTG-deamidated gliadin peptide poolé.



typically a fragment of the gliadin, or a nutated derivative of the whole
protein or fragnent. Therefore the epitope of the invention does not

i ncl ude two=xoesatoyz7al |y occurring whol e gliadi n protei npCarGB2de®2450t

i ncl ude other whole naturally occurring gliadins. 5 The epitope may thus
be a fragnent of A-gliadin (e.g. SEQ ID NO 3), which conprises the
sequence of SEQ ID NO 1, obtainable by treating (fully or partially) wth
t ransgl ut am nase, iFigure 3§ shows, fopcocBacd L ABIQS/ G bubjeant 11k glusamisbilienge ed t o
glutamates (i [ ' [ it hi ID N 1). Such
fragnents may @gtllc;é?'I%ﬁ]?lﬁg?tﬁ%%%ﬁ%g{oggga&g%g%%g ggegé%%eﬁ%%dp%%/& 10 positions
55 to 70, 58 to 73 Fifite 8@showsobr Skelrid HLAQ /8 hibyaat Chi, Fhidnehdllendy pi cal |y

such fragments, will ogni sed b cells t t.least the same extent
that the pept‘ingilé%drng‘\g"r%@gﬂ&éﬁ%vegéé[ﬁﬂgmdfeggﬁl"?mh?eé’%aee?:od’ ni sed in any of
t he assays s descri bed herein using sanples fromcoeliac di sease patients.
Additionally, the_agent may be the peptide represented by any of SEQ ID 15
NOS: 18-22, 3104giled3Besquiption,ef thelnyention,, ot ei n conprising a sequence

corresponding to amy 9 ‘o5&t BsNES end@npdses a%ﬁ)e%ﬁum%Qcé}ﬂitioﬁanuﬂe@ #ysuch as
fragnents of a gliadin conprisi n% any of SEQ I D NOCS: 18-22, 31-36, 39-44,
1

and 46, for ex@Rphedegreespf glhisn sepitigidy. mchidingsesrere foasmcheragiprisad by a flat

transgl ut am nage) in@BiRAChhds, (h&?@}ﬂ[ﬁﬂfc%ﬂ%s SRy BRE VAR REm IR Rlesigef0ENT S Of
t he invention. Sequences equivalent to any of SEQ ID 20 NOS:18-22, 31-36,

39- 44, and'4e WrmiddraspyRiens.of t hese sequences are al so agents of the
i tion. In the ¢ J i Jivalent to
Inventio ﬁl%?l}]d({ﬁ]gl%?nl% n€PLtQP §§ﬁg%ﬁﬂe§t€‘o§ fiﬁéf?c’%gﬁ?g%?dﬁ%{g

t he above epitopes I ng fragnent rom an protein
(e.g. any of tlhenagl iTael may mvetedlias diseant (spmpmiatic e asyroptomanc) gt badi ns whi ch

i [ kyval il d
ragnont of o Griaara b Blial ey SR By T e SRRURE DB Mo SR ERRTY) Wi

el'n ea par
t ransgl ut am nasese Byhsegfuriexahdathepepy htkesoelin disease,dat Ravaiongdndaytedl i gni ng

t he sequences qf, ot her. gl.j.adi n,protej.ns . w the gliadin fro ich the
ori gi nal egﬁ to%‘étm&lg{kg?/ggt,i@%ﬁ bgé)rwelflﬁi @E’dt“ar eﬁﬁ’%a %?%P?féﬁﬁﬁg%%\f% ng any
of the programns d®ti oned-herein). Transgl utam nase is commercially
avai l able 30 (e.g. .Si .J-5398). Tabl.e 4 pravides a few exanpl es of

suit abl e equi val ent wgllr:}EY}gur?_i@%Y ‘Q/@S%@B@Fﬁ%gggc C&@‘f?’%ﬂfb@%ﬁ‘%ﬂ?ﬁ %0 13 The
agent whi ch i ssugddp@nalyq@stemiisedFanabhple 0f 1RahNGINL GOaRE ROGvENwvith B Whi ch
recogni ses (i)_or (ii). Therefore generally when the anal ogue is added to T

cells in the pHEdsE@oressme)eess Whighcauseprrdisapsifondp sepliap disepse)pr esence of an
antigen pgesenting cell (APC) (such as any of the APCs nentioned herein),

t he anal ogue
The agent

The agent is typically a peptide, for example of length 7 to 50 amino acids,
such as 10 to 40, or 15 to 30 amino acids in length. .
SEQ ID NO:1 is PQPELPY. SEQ ID NO:2 is QLQPFPQPELPYPQPQS.

25 SEQ ID NO:3 is shown in Table 1 and is the sequence of a whole A-gliadin. The
glutamate at position 4 of SEQ ID NO:1 (equivalent to position 9 of SEQ ID NO:2)
is generated by transglutaminase treatment of A-gliadin.

The agent may be the peptide represented by SEQ ID NO:1 or 2 or an epitope
comprising sequence that comprises SEQ ID NO:1 which is an isolated oligopeptide

30 derived from a gliadin protein; or an equivalent of these sequences from a naturally
occurring gliadin protein which is a homologue of SEQ ID NO:3. Thus the epitope
may be a derivative of the protein represented by SEQ ID NO:3. Such a derivative is



5 inhibits the recognition of (i) or (ii), i.e. the analogue is able to
conpete with (i) or (ii) in such a system The anal ogue may be one which
i s capablwoabodionzisng t he TCR which recognises (i) or @ECT)GB2Besz2450ndi ng
can be tested by standard techniques. Such TCRs can be isolated fromT
cells which have been shown to recognisei2(i) or (ii) (e.g. using 10 the
nmet hod of the invention). Denonstration of the binding of the anal ogue to
the TCRs can ypiedlyshigmentofdes diedinnerrignytpied frsivatitecof figrehalawptsinort he

bi ndi ng of e Al OfRt0 18 BHARLRBES DAY, JLods i anehogugy e o an

anti body to the anal ogue. he anal ogue i's bound class 11
MHC nol ecul e (@Cgmng-lwAOE@B)dm nrom;m Ia,nd does nothinddudei odirer wholeinatlially assay. 15
Typical ly the anal Oglgﬁadﬁnhl bits the binding of (i) or (ii) to a TCR 1In

this case the amu (|) or (ii) which can bind the TCR in the presence

of the analogue is Thdepntc@angl thuEfk 8 fiagmére ofisdiatinde. @.rﬁlQDEJJHOBS \albble to bind

Lol < TorMse ot g GOMRES SR INEkA oRimtwe by hinl (Bl Bhapti D, TN T

patients 20 V\dvift}htrﬁﬁglhltaﬁﬁnadé seasieh 1,203 oﬁnaﬁ@lmlméshubémmtaud gmftarﬁéf@ met hod
of the invention. Oher erjistics of the anal ogue may al so.

be the sane as(“("lh)du}ﬁrthe*(‘ Ft)m“%‘ﬁﬁ‘c“hé]géﬁ ML 1y the amal ogue binds to the
same MHC class || mpbeakdge n&sqnamlﬁhqazmhm@mels@@eme@ skl 12 or - D@B) .

The anal ogue typically bind anti bodi es specific for (i) or i), and

t hus i nhi bi% s RssH@NNYy ©F70(3§tods, Qlitp Y7 poSEQER NES3 ghewindedplde 1. Tyric aI ogue is

typically a pegtygg 11éntts \Q@M)erﬁ&:\égmglﬁ@ho&ﬂsWz{tﬁaé‘['tﬁe Qhne Ekiknt: thatrﬂ*)ép' cal Iy at
| east 70% honol ogy, "prefera east 80, 5% 97% or 99% honol ogy

with (i) or (me)ﬂtldefsefppr@sﬁ@m%bsegmwl\@k@gZ@nr@pglmedluewofﬂBﬂ awye (such as
the entire le &g{]&egg r%_%%sﬁg%&g%?ﬁg& &1ke)a ahFllg% , or across the regl on

whi ch contacts t bi'n conti guous am no
acids. Methods of néshlgwmﬂhgthepg@ttmambhmmigiﬁr@f@@nﬁ@dbymm&EQriDt he art and

it will be ,un t Y Q0 4273 P /GBZOO / 002450
14 in the agfjt d[t\ef(g§ 19%9 '?h%t EQégea% 4§§%r1%%ro\é9 r’?%é gaseqélecalcgﬁ?sg?e%%n t he
basi s of am nao aaycof:BE@ﬁhNCtSylS(anb% rPost4r afdelor(adh bofragnentsaifd ghadinl ogy") .

For exanpl e the UWGCG ram |ch can be
used to cal culca?tlrg’“ﬁ%ﬁﬁilyoﬂf;afgf%)%@;e}g%ﬁ §1u§6e§§§%- "E‘letfg? gﬁ‘ihﬁgs) 5
(Devereux et adliafihd04pechlvehted eithehkgluBRasens)C hBléﬁ‘ﬂVdﬁ&?!ﬁﬁ@%f suchhe PI LEUP and
BLAST al gorithnms can be used to Tflal cul ate_honol og l'ine UF wences

(typical 'y orPCH¥RIFTS AetisnAsents at e mysytions 8‘?‘1“@%%‘1‘%"3&‘%“ Wesy Pt B

Al tschul Sy F.NO3993D, 31-MBo-4Eval 486: 29QuAQr e RhtAkss B alo bnidbr (1990) J
Mol Biol 215:403-10.

the invention.

In the case where the epitope comprises a sequence equivalent to the above
epitopes (including fragments) from another gliadin protein (e.g. any of the gliadin‘
proteins mentioned herein or any gliadins which cause coeliac disease), such

25  equivalent sequences will correspond to a fragment of a gliadin protein typically
treated (partially or fully) with transglutaminase. Such equivalent peptides can be
determined by aligning the sequences of other gliadin proteins with the gliadin from
which the original epitope derives, such as with SEQ ID NO:3 (for example using
any of the programs mentioned herein). Transglutaminase is commercially available

30 (e.g. Sigma T-5398). Table 4 provides a few examples of suitable equivalent

sequences.



Software for perform ng BLAST anal yses is publicly available through the
10 National Center for Biotechnology Information on the world w de web

t hrough twe 200xtogz7aet at, for exanple, "ww. ncbi.nl m ni RCFEB2003/0DR4®
algorithminvolves first identifying high scoring sequence pair (HSPs) by
identifying short words of length Win fshe query sequence that either

mat ch or satisfy sonme positive-valued threshold score T when aligned with
a word of the samne Theaginhwhich & aiahdbgses epehle nfiingketopnital fyef BCRed to as

t he nei ghbour hood word.score threshold (Al tschul et al, supra). . These

i t1'al Cner gnbadrhsgEer o kL PR ElE WP of arvie Sk E Ches to
find HSPs condcHs i thgprederca of THer (rtgpibillyalsanethe yteadedf inunkigdnh directions
al ong each sequence fgr ar as the c | ative alignment score can be

i ncreased. Ext ?F§Pt8}¥s°eﬁ&;r\]§l(?)n%uc P%V?rhﬂees%@a@wn%ﬂh%% B 28818URal t ed when:
the cunul ats ven@biORERRbgnsed oF (f 8f ii$, 10f the 2Q1dMe tshBleAY Bothpeid/with fiy@m i t's

maxi mum achi eved. val ue; the cunul ative score goes to zero or below, due to
t he accunul at i@hi"GEclon® B mor e negati ve-scoring residue alignnents; or

the end of either geguRIGReliRyHE8ENCEch EREpBIAPhiRIGUd T nRRr ameters W T
and X determ ne the sensitivi %,y and speed of the alignnment. The BLAST

program uses agcagabebios (). weeldbindpgean bested by stendard tsciBBEMNBRh IERS ng 25
matrix (see i LesQffp.: . SGl 89:
T0915: 1019) A PonnentarpEf baf bRt Do ke R *ornd o
conpari sonltof thpwethod pfthatyentiphe IBixSTtragiogof tht hindjpgrof e psalegustathest i cal

Atsthul (19030 Bk 1ERshdn RELHERR AR TS mIFEuE Bue S oatlr o

of simlarity apalogueded stiystanbethBLHAES tiel agalogicherpi s ahtitods mathk esdlogaem

probability (R iC rovi des an.indi ion of th r bility by
whi ch a match %%?cég%ﬁ@ea%oﬁaa ROTT 9 s g@ﬁﬁ@ %@?C&{es(é&ﬁ%%‘géig 563/ 104273
PCT/ GB2003/ 002456hibilibn wthihdin®aedyt by chance. For exanple, a sequence is
considered simlar _to. another. seguence if the smal)est sum probability in
conpari sonof the ﬁ??@i?l[}stéﬁﬁ?ﬁ’éée %ﬁttﬁﬁﬂeb%@@ﬁé%@q@wﬁ% ﬁé@’é ‘¢¥an about
1, preferably thessodnhani)aR eitwiichloan BRIdEhOTER & @O pMsent&SShd AdgaPRUL 0. 01,
and nost preferably | ess than about 0.00 5 The honol ogous pepti de

1.
anal ogues t ypidesiepssd-dibig g pesapssihq qnplogye is pbly tqgind the JCRxnd therefore 5 7, 8 or
nore mut at i ongofplesRithBY o ®) S bSliink W toreR. del etions or insertions).
These nutations mar\/r be neasured across any of the regions nentioned above
in relation to callcsllafor At ihdwsbemgpindmeexgeriseris aanbe isslatpd dropy ratientabl y

“conservatjyve' gy %@F%cgqi&%%, fetined aecat dig t}k%étﬁb? Jf‘ﬂle'i%g%ymb' e. Anino

acids in the sane b 10" 1 n the second colum and prefera in the sane
line in the third &dhabmdmgyhirecteristibstfithenneldgiconayedstbeghdreante as (i) or

(ﬁ), and thus typically the analogue binds to the same MHC class II molecule to

which the peptide binds (HLA-DQ2 or -DQ8). The analogue typically binds to
antibodies specific for (i) or (ii), and thus inhibits binding of (i) or (ii) to such
25 antibodies.
The analogue is typically a peptide. It may have homology with (i) or (ii),
typically at least 70% homology, preferably at least 80, 90%, 95%, 97% or 99%
homology with (i) or (ii), for example over a region of at least 15 more (such as the
entire length of the analogue and/or (i) or (ii), or across the region which contacts the
30 TCR or binds the MHC molecule) contiguous amino acids. Methods of measuring

protein homology are well known in the art and it will be understood by those of skill



ALI PHATI C Non-polar GAP ILV Polar - uncharged CST M NQ Polar - charged D
E KR AROVATIC HF WY Typically the amno acids in the anal ogue at the
equi val erwoposy/toszas to anmino 15 acids in (i) or (ii) tPocaGROMMRIMte tO
bi ndi ng the WMHC nol ecul e or are responsible for the recognition by the
TCR, are the sane or are conserved. Typiwally the anal ogue peptide

conpri ses one or nore nodifications, which nay be natural post-translation
modi fi cat i ons iBrtheart thetiie thelpreserticpnterit Homedogy Thealoukntadi onithehasis f #raIO pr ovi de a

chem cal i eta/mc(fd&mt%gsunxtnﬁysréfeﬁg&fgaytha%'h&ﬁolﬁ%@g hydfogen e.g. of a CH

bond), such as an am acet roxy or . fluorine) group
or carbohydrate gr(ﬁ@pexaﬁyﬂnfbaUWG‘Eﬁé’ammlbmmdcsfmeESTlfiﬂ“eg@nztmwmchhe Nor C
nen m no aci ds

: Th | | ' | ds,
term nus. The ARglaguG, TRYISONBRYSE A0S hoTRIA AL A0ANHIAl, 8 no aci ds

for exanple amno acid ain
acids. WO 2003[Cr0e2unle: ROTOEHI00 310243 seat G 1o pei7edsy,, THeRELEOP ambt ur al

' id wl N te / t . . Th 0 tural
oM no acid myPbeshRepings off § e AR RE sBrrioes s G s FhEe B FY Bhas o
shgpe, si Zlei fcbreméllbﬂétmtlyseﬁrng@lmepra&@ila:as de@nbécglurpats&mlmsthw%) BMol (s

stantia m a derivative o
?:J) or (ii). y %ﬁ@%@r@@iﬁ%ﬂ?‘ tsh{é %5198811@1\4@@1&?? %éﬂoprot ein conpri sing

t he sequence of SEQoktiRafGodpedforrding BLAZMYAnSsek hﬁm@nmgvaﬁl@lﬂ& te&gnRNt | oned
herein; and non-gliadin sequence. In one enb ment the anal ogue is or

mmecs (i) !or I{Wi‘b‘lallﬁﬁlﬂﬁ-'(ﬂ fqr Bigfeqhpeiogy lfymaiion opothe warle Wide web thiguglythepr e of

such conpl exesp, @k btefo%ml@t S wAlcbDAMNEh £ Q7 eam al%&ltlﬁﬁ lﬂ{%mg‘ fils ©X anpl e -
using a biotin/strep favi din based system in I cal 2, or 4

bi otin | abel | e‘éelmflengrblgbé‘iﬂf@g sesjupraFe et GHLBRS) bqotdawfaﬁna Shﬁﬁ ‘é‘?fgis ofﬂmgh anal ogue
typically inhi @'1531}] cfgl@ry%a@hs%lafegﬁ%a%a@ah)orQgtlsg%lp dohle Y- AR ulroBP! X O 2

TCR or anti bo h-i s specifi he co e anal ogue 1s
typically an awmetibwyelmhgaedrwdmmd @theamnalmgtb@mwat@amea@ne@ N6 Fab or

(Fa0)2 1 e T, 18] MG DIOPLLLGRE 0, 20 3P)L ARUPRRE . 1,
anal ogue i s t yipitehhdighbdebsogieadtd hits maqmtwﬂoomaiatl@ﬂmhand fihdvEAPs
containing them. The word hits are extended in both directions along each sequence
for as far as the cumulative alignment score can be increased. Extensions for the'
word hits in each direction are halted when: the cumulative alignment score falls off
20 by the quantity X from its maximum achieved value; the cumulative score goes to
zero or below, due to the accumulation of one or more negative-scoring residue
alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T and X determine the sensitivity and speed of the alignment. The
BLAST program uses as defaults a word length (W) of 11, the BLOSUMS62 scoring
25  matrix (see Henikoff and Henikoff (1992) Proc. Natl. Acad. Sci. USA 89: 10915-
10919) alignments (B) of 50, expectation (E) of 10, M=5, N=4, and a comparison of
both strands. .
The BLAST algorithm performs a statistical analysis of the similarity
between twoAsequences; see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci.
30 USA 90: 5873-5787. One measure of similarity provided by the BLAST algorithm
1s the smallest sum probability (P(N)), which provides an indication of the

probability by which a match between two nucleotide or amino acid sequences
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Typically the amino acids in the analogue at the equivalent positions to amino

the recognition by the TCR, are the same or are conserved.

acids in (1) or (i1) that contribute to binding the MHC molecule or are responsible for

Typically the analogue peptide comprises one or more modifications, which

may be natural post-translation modifications or artificial modifications. The

modification may provide a chemical moiety (typically by substitution of a

hydrogen, e.g. of a C-H bond), such as an amino, acetyl, hydroxy or halogen (e.g.

fluorine) group or carbohydrate group. Typically the modification is present on the

N or C terminus.

The analogue may comprise one or more non-natural amino acids, for

example amino acids with a side chain different from natural amino acids.

of



wheat, rye, barley, oats and triticale). Thus, the agent nay be nonoval ent
or multivalent. 25 Diagnosis As nentioned above the nethod of diagnosis of
t he i nvenwoanoymy2me based on the detection of T cell sPChatB2bin@240e.
agent or on the detection of antibodies that recognise the agent. The T
cells that recognise the agent in the nehod (which includes the use 30
ment i oned above) are generally T cells that have been pre-sensitised in
vivo to gl i adianeraflg, themin-ohed aatmovaidwitlhaanin §j enmmexp exd/@nrdetrdingel | s have
been found to . he present in the g riﬁgeral bl ood. C\{\O 2003/ 104273

PCT/ GB2003/ 00245G M T8V, “PHE 2REIKS P ARE T 4R1 14 R &A% he contacted with the

agent in vitro or iThe whalegue typivdllgbdsershapei sige, Wadbiligrorteleerrdnicel | s recogni se

t he agent can be_.perforped ip vitro.ot. in vivo. Thus the jnvention
provides t he SGERETFHSR L é iRty Fgergp <121Praﬁjlﬁo@?sstyplbaﬁ§&t4eemvsﬁ the human
body. Different) cRgents o éntotmentidel afaligus isitutian ot compsigpatat e or
sequential use in such_a nethod. The in_ vitro nmethod is typically carried
out in aqueouseERtr $ToE( it YOurTEnonan of thg ather peptidegdesationddiesy gt on wi I |-
al so conpri se fheliddig8tduendand in certain enbodiments the APCs discussed
below). The term contacting' as used herein includes adding the

particul ar subst anéeopeemiodinassf {ie prtoLue O DaEtiEiosiln a% (Hd hourt tov plagshe T
cell's recogni SeqjRe oSty 4iof raRNFLA mpREGHHR) deBadiaR fBhAY BGna Change
in the state ofr the T cells in the presgnce o the agent or determ ning
whet her the T atlesr| for ¢xiangpletusmg adeatin/strqiievidin Aage systens imwhich typicgdnar3adr] y
caused by anti . i i | ctdvity  .of ft. . I ter the TCR
bi nds the agent. Qﬂl‘ﬁ%gééiﬁglr%%é gﬁ?egﬂg{]@k%%ya %r\ébtrﬁég@lﬁ(}el%;i ?1:1%1? g‘éal.?gg.gg. change in
15 i ntracel | ultaricalypnlebiss tbeabiofing pHithe (ihe) (iiBMHLECBEIE cqraplex todel@ o1 on of

secreted substances) ,.the .T.cells. The change in state of the T cell may
be the start oaflgg?d%i‘ﬁg?lggg%ecffﬁ%%retger%n?pgeﬁ(' of a substance fromthe T cell,

such as a cyt oki ne Thespsaduald typitdMay antilod oo frdgdken@of anatieody] suah hsoen  of
|FN-'y secretion i articula eferred. . The .substance, can 20 typically
be det ect off by Rt AP RgTeERE o Tt GRS HoE B re i At G CBRES and | hon
measuri ng the ARSRAGEn afalddie iBP@Ehitd SepRidTshung tegRmid sslbati@nce conpl ex. The
specific binding agent is typically an antibody, such as polyclonal or

monocl onal -~ ant i bot 18 analogye igjuRirdly dFﬂthbéﬁlgPﬁé‘éta%nél pemRdihen | y avail abl e,
or can be nmadey,#siifg ushaRdabes LRGAM BHeS. AZSmdRCHE hihideiecanRci fic

bi nding agent is imuobilised on a solid support. After
selected from a library of compounds. The library may be a combinatorial library or
20  a display library, such as a phage display library. The library of compounds may be
expressed in the display library in the form of being bound to a MHC class II
molecule, such as HLA-DQ?2 or -DQ8. Analogues are generally selected from the
library based on their ability to mimic the binding characteristics (i) or (ii). Thus
they may be selected based on ability to bind a TCR or antibody which recognises (i)
25  or (ii).

Typically analogues will be recognised by T cells to at least the same extent
as any of the agents (i) or (i1), for example at least to the same extent as the
equivalent epitope and preferably to the same extent as the peptide represented by
SEQ ID NO:2, is recognised in any of the assays described herein, typically using T

30  cells from coeliac disease patients. Analogues may be recognised to these extents in

vivo and thus may be able to induce coeliac disease symptoms to at least the same



t he substance is allowed to bind the solid support can optionally be washed
to renove material which is not specifically bound to the agent. The

agent / subeDanex1042z70npl ex nay be detected by using a secead/dBaei/00g45agent
that will bind the conplex. Typically the second agent binds the substance
at a site which is different 30 fromthel7site which binds the first agent.
The second agent is preferably an antibody and is |labelled directly or

i ndirectly by extejbaseay abibe agaliahentin®dIoed) (k@4 272G RETPGBROOINOTRA50 19 Thus
t he second agelﬁdegay be detected by a third agent that is typically

| abel | ed directlTy or indirectly by a detectable |abel. For exanple the
second agent may conpgisenay Usiideniifiediniaetefhodaompuisingdaietnéttg wirtiey aa t hird
agent which conpr.i,ses.a _st.reptavidin et nd, typi cal |y al.kalipe
Phosphat ace adiBritas supunfct FEudeebs R Rt alidm Bttt Bl el on system
whi ch is used theinvhigioaxesdgiition bl hSROitaasSAdicadRg tat he dulistanddls B/ 23960. | n

that assay IFN-'y secret fromthe is bound by a first IFNvy
speci fic anti BSOS H AR igf{ﬁﬁ‘ﬁg}’ﬁi i“?'e%ﬂ%??féiss‘ﬁ‘mnﬂn ]ﬁffb‘%la.dmﬂlge bound | FN-y
i s then det ectehentiSinOcells S REPAHtablEbksYy BBk Beréif bhbR)scavdiigdntifisthe | abel | ed

with a detectable lahel. Such a | abelled antibody can be obtained from 10

MABTECH ( St ocKH8ioge: S}xR@H%?f)l‘??d@%FhlsdE?tgﬂléﬁqrEeq Abét e cRetigRche used are

di scussed bel oWovelieferb@Raf gL 234 @E@E%d 1o 1635t 3R] damb BRbntGa theepti@asur ed nmay

be the increase in - the uptake of substances by the T cell, such as the

upt ake of thyntif} HeNOrhane rathgeethpdmay fe eserdg/idprtifyAnglopupcwlien #1A t he size of

the T cells, %co%ﬁﬁ&%foqﬁi%h@lﬂ: of the T cells, or 15 a change in cell

surface markers on the T cell. In one enbodiment the change of state is

det ect ed by neasur ilmgne ¢nebodhemmgjthe imsthod hempues deertinihgwheshgyeeerdidte of ,

proteins, for L QG L4 nt . . 1on...0f any of

t he cytoki nes Sﬁéﬁ I %ﬁseaﬁfﬁgggﬂ\}g{.ﬁg%%ﬁé) ﬁ.ogé)(% %?%!d{oﬁ% g%tﬁ%ﬁgg{stﬁﬁ’%ﬁ tlglfldet ected

by cont acti ng dfhecogmspwlmdwohtingibat Thesebdtanwé ishananatoguet y t hat bi nds the 20

expr essed oteins.in_a specific manner and [ l.l.ows,sorting of the T
H ow oyt eedort Bz bbh BT Sarmite Wik Fratig Bl

cells by ow cyto 0 nment STER t he agent
is bound to anielfda bycliadd ot (iirolypieallyethé typpasiion golkdbaseOER0pEs of XB) , which is
typically present .on the. surface of .an tigen presenting cell (APC).
However s merbl el Erurics pies) Som e labny RS FORNRS hout ¢ he
need to al so tﬂﬁ@@esadi vMikey 6Dbragieh ef glfzenenatibyedidinl Feefetrad dtfipotitiaise
contacted in the nethod are taken fromthe indjvidual in a blood sanple,

al t hough ot hercopppgsatdsasiopsspiape Rhihe VeRinnaf A velgnt agalogugnirpia all obte The

sanpl e may,pe AQdadpRAEdneaidny of Qe kRBicd 55AYie§ mdMBYndAeRID6LESRY, 3, Ui St - ‘
Typically the processing may conprise diluting of the sanple, for exanple
more of the species mentioned herein (such as from the panel of species consisting of

o
g

wheat, rye, barley, oats and triticale). Thus, the agent may be monovalent or

‘multivalent.

25  Diagnosis
As mentioned above the method of diagnosis of the invention may be based
on the detection of T cells that bind the.agent or on the detection of antibodies that
recognise the agent.
The T cells that recognise the agent in the method (which includes the use
30  mentioned above) are generally T cells that have been pr)e—sensitised in vivo to
gliadin. As mentioned above such antigen-experienced T cells have been found to be

present in the peripheral blood.



30 with water or buffer. Typically the sanple is diluted from 1.5 to 100
fold, for exanple 2 to 50 or 5 to 10 fold. WD 2003/104273

PCT/ GB20030C0@348@27320 The processi ng nay conpri se separ CTaB2063/@a4mponent s
of the sanple. Typically nononuclear cells (MCs) are separated fromthe
sanples. The MCs will conprise the T celsls and APCs. Thus in the nethod
the APCs present in the separated MCs can present the peptide to the T
cells. In another émﬂmchhantmdtthambqlls'faﬁbmhtastpd snithltheagemm& yvitrebdinvivoel | s, can
be purified fr he sa be .separated from
Che sanpl o usi 8 FBEHATE JECTR Bt cHls e b SeGEras PowaRd "HUEE Pl bed | 1
La: ?/ani e:j al z(zﬁ&B?)rhu]sth&npennh@@rﬁviﬂsﬁtheB@?Q%ﬁ&lnbmleﬂmgo@ﬂiagndjlsﬁené thelT
cells used in the a e int rmo un essed o i luted sanpl es,
or are freshl Wri‘célﬁsz?‘b% %“IE"& ]Togy(ﬁlf%elﬁenéégeinﬁ AREOY ‘“rdrﬁgb?lmu FPeshl y

i sol ated MGs cgrepﬂag/l;;ﬁaeqmitlghlsaﬁﬁsuus@ﬂlembdectIy ex vivo, i.e. they are not
cul tured before bei ng used in the nmethod. Thus the T cells have not been

restimulated i n an R §enmSHed isyRicallramicd op 1 agiegus oBiien @Yo whish tece| | s

can be cul turz%éntt?@i&i%@ H%Esomfn&'i wRKA phiBe B € c@ﬂse(ﬁﬁf‘ﬁ%eﬁa{m one or nore of
t he agents, an ener al K al so exo enous growt h pronoting cytokines.

During cul turr@ﬂF@J imeenisg Gy digagssgd el?‘i}’bl”@&lt@}}l ‘epEacing’ asmsqdHisredur f ace of
APCs, such as 1£ﬁ§dd°‘P&hH§ﬁlgphx‘ﬁcﬁl&%uﬂé‘?&r@Q% the ﬁfhﬁloﬁ‘“ turing of the T cells may

Ieadto an increase In sensitivity of t met hod. Thus the T cells can
be converted into dstdrminaiesof véhether ths Tohlby ecagaisathoabént s geesrallf or  exanpl e

as descri bed Iagcc%mriﬁlsﬁ%%bg) de e%ﬁl%ﬁf} ch’é@ée“ﬂl %}e?éﬂi@e fQﬁ'e81?’0611§ 712 t?ﬁﬂ%gedﬁ BQ at is

typically pres oM 1 as the
T cell or fromgantdir iétemening hbsther tHHE ceARCimigke @ntaTlmcthan@I 1hytateos:cur r| ng APC

et de o o TeeRrly ety isroati Tt AaRRRT FaShefpERER 11O 10

macr ophage. | thind® thetagjantcalhbyhz&g@aﬁwetteﬂaib@nmaetstmedsram (sgrephgeas the T cel |
urified wth Thus the AP pr esent

e o P kit lub etk el M nD AT PYsiEs fersh dnryon Shiestoied STRATRd col | or

a cul tured' celhe TlcEngmay be in the formof a cell line, such as a short

termor imortalised cell |ine. The A %/eexpress enpty . MHC cl ass |1
mol ecul es on its suimesbamge instainef thet ﬁ%}blm@h the Stﬁ%P%or(lmr?e\S%we*ﬁfrfﬂ%fént s may

be used. Typi calub¥adcBoh thE€lcki sﬁ’&[ds‘é%?tofuﬁ@@sﬁe‘&ﬁll?ﬁ“m‘yemcza&1@@ gl aced into
an assay with all the agents which i's’intended to test or the T

cells can be @@ewt@nafml\bwarepm@pg@@@lﬁréx prefegrgdy Ehessgibsianse caghi ch cont ai n
one or norg of. tha Agentsed WRIRR # A% B0 %éc%ﬂ%ﬁé’?g%ﬁ%d fifeh

measuring the presence of the specific binding agent/substance complex. The
specific binding agent is typically an antibody, such as polyclonal or monoclonal
antibodies. Antibodies to cytokines are commercially available, or can be made
using standard techniques.

25 Typically the specific binding agent is immobilised on a solid support. After
the substance is allowed to bind the solid support can optionally be washed to
remove material which is not specifically bound to the agent. The agent/substance
complex may be detected by using a second binding agent that will bind the
complex. Typically the second agent binds the substance at a site which is different

30 from the site whi'ch binds the first agent. The second agent is preferably an antibody

and is labelled directly or indirectly by a detectable label.



The invention al so provides the agents such as two or nore of any of the
agents nentioned herein (e.g. the conbinations of agents which are present
in the cwoposd/tisz agent di scussed above) for sinultan@clsGEe0215@ Or
sequential use (eg. for in vivo use). 5 In one enbodi nent agent per se is
added directly to an assay conprising T iscells and APCs. As di scussed above
the T cells and APCs in such an assay could be in the formof M. Wen
agents that can be Thectgne®edagnt imebeldeteeted byiatthiol Hgetthient istggchlfyor

presentation .are used then APCs ar ot. requi . _Anal ogyes which
e the or i grpalee fegth of s 30 iRl Roet ol Simele s wolR B8y o o1
such 10 an ages conlpliseneiotirhmibtyralidwihy dctegien by b shifdragent ceibhtcomphiees APC i n

t he absence of the ‘1'4[ cell. %’he. C E% thlen Ear ovided to Eege]%%' cell;

typical l'y aft ef™B@Yfi ArFHde WPB%% ¢ PhqspRatass asd detgetabiedalelr f ace. The
pepti de mays have bggBnd esyditidht RIeREidnRestAPGhaRGs used BIREEGo Or sinply be
taken up onto the surface without _entering_inside the APC. 15 The duration

h
for which the BeeRPTiassay datcabsdan WP PR 2848 1o Bat asey Nt septgd rg@pgesdi ng on

the met hod use&nﬁ%ﬁ%gﬁ%ﬁﬁmyrsge%ﬁg%ﬁmg} 1104k istioBBREd FEr soliy Rigpdk! v 105
to 101, preferably 5x105 to 106 PBMCs are added to each assay. I'n the case
where agent i sTkedwead BiN-eéstthsp detscie asinga sppond M NCowpeeifie pritbodnwhish fsr om 10- 1

to 103g/ M,  pLEHRE A% RiePtabl@ 1:3009/sibh Plabdich Anehd| MnbeaalbRintdl | v the
hthe T cell bated W th

| ength of tine OI‘HWhIC s are Incubated wth the agent is from
4 to 24 hout s, MpESIEEITRGgckBolmoSwelehh Upther delvetabla dibplg wioh con bouseBMEs it has
been found thaj; sts%é%gngBNCS can be incubated in 10g/mM of peptide for 12
hours at 37C Thé determ nation of the recognition of the agent by the T
cells may be done Tib changmbasaie phitje Thell thanwinbg mefsutddenaydenite inaedshén T cel | s

(this can 'be carried qut, usin itabl e bindi assay J.ormat di scussed
herei n). Typi c@? P?/t%ﬁe éc&éj}ﬂ?sganﬁﬁ%g ﬁﬁ%? ﬁeétltq“ﬁ: as &'ﬁé‘ﬂ{gg%@ﬂhmﬁyg‘r{hg&ﬂﬁgged on
thi s binding, hGtataxany & itSeddginthd&AMSoMRChtdlR, or PadtiferpiicdsEieel edls,orcel | s
t hat recogni se the aﬂenlﬁ AN b? deegﬁtdj;t? occur if the frequency of cells
sorted usi by theBgeCel LTy parkgrso @ value. The frequency of antigen
30 experienced T cahbfe éfbddanar alelcianke oNstdi®& deRctdd b mb&rin@hd chdhge &f or e
whet her or not the sorted cells are antigen-experienced T cells can be

det er mi ned. WOhoawrarel Bles oxpreseipn efpoisasgonagurledhbe impgasgat BiATeH4YRT on of t he

recogni tion of xdhgsia06Mny RY itk hﬁtomn&%éxﬁiomyabta@e. iR EHh&HulPcHhYR maly pi cal Iy
the agent is admnistered to the host and then a response which indicates

recogni tion ofbadetecieddicomefing heripsdant die. T cellevisipemeictydhat pisde Bl y
acm ni ster g Léysa)ye@lgyarpﬁr&éihyi@rspso%cdﬁam -l GEIREE WrtihSof HPT Ealshuy
flow cytometry.

In one embodiment when binding the TCR the agent is bound to an MHC
class II molecule (typically HLA-DQ2 or -DQ8), which is typically present on the
surface of an antigen presenting cell (APC). However as mentioned herein other

25 agents can bind a TCR without the need to also bind an MHC molecule.

Generally the T cells which are contacted in the method are taken from the
individual in a blood sample, although other types of samples which contain T cells
can be used. The sample may be added directly to the assay or may be processed
first. Typically the processing may comprise diluting of the sample, for example

30  with water or buffer. Typically the sample is diluted from 1.5 to 100 fold, for
example 2 to 50 or 5 to 10 fold.



5 contacting with. the outside of the skin, and may be retained at the site
with the aid of a plaster or dressing. Alternatively the agent may be

adm ni st ewecot®yionzadl e, such as by injection, but can 2CIeGHeZWANI St er ed
by ot her nethods such as ballistics (e.g. the ballistics teclm ques which
have been used to deliver nucleic acids)z0 EP-A- 0693119 descri bes

techni ques that can typically be used to adm nister the agent. 10 Typically
from0.001 to 1000 Tge ﬁ@pssmaimyloemﬁw@r@'mnto@cmnqgs ofth®@sainpdeo 10 gg of

agent is adm n}‘;ﬁnﬁc%?l? %mnonucP nFceﬁFﬁ\qu”?e {epgatecri 8 Eﬁ%%gleg T dﬁtr; S‘ltl er ed

whi ch is capab VI VO, Sfeoti de
capabl e of expcroa&msen@letIhellageln%PCscﬁ]msbet}mdmhms}heeﬁmhprésysmlﬁaiel y in any of

t he ways descri bed e for 1 m f ent

pol ynucl eot i dé° ePVB’iegg&r/ aﬂgges%g“eé’?pt{ad%éo {}118 kréar“ioﬁﬁ%rg °6lfrg?“ﬁ8n1y]£h

pol ynucl eot3 decdls, Qu?aedmb%cmm obllkyﬁilﬁtbe@nréﬂd‘ﬂﬁdinﬂﬁ s@lhﬁlemg@ls m]gad ad. The

£ 1000 g, Forl RGfHN & FPURDIOT PowaBls GraBhaegnabhis B abohiicl cor i de
i's adm ni st er eloseZ@sdR@6OBNial a8l er @f (10975 JaB@NI/eadBEYissh8ESd to the skin is
typically indicat ed by the _occurrence of .inflammtion (e.g. induration,

erythema or oedens)n&he ¢tpodineng th T cellyipss i8 theassay are 11‘FFhe§°r|“S°fgener ally

measur ed by vu%@dcegé@m diméd%mg%s %hsre ?x’eﬂ@y isdied TREMAddfas i BORRSIcE based
on the detection of an antib i binds the agent is typically carried
SOf Bé},v&(}q Wiy

out by conthctirgslyascdaiepMe ale g m&nsiailreqtbL@wwasl @hpy a@obf t he
sanpl es menti o @tﬂreﬁ%éﬁre l%ﬁ%g'dﬂgﬂn the REDGETH hé iy chMaU@lgﬁiﬁé Jrenti oned

her ei n) W|tht e agent an eterm ni ng whet an ant y In the sanple
bi nds the agemstimguehinenanhghinsgedivdhoati zngzt;toha‘iovweh@ the@icsllsdambe has, or is

susceptibl e to,gagk Ib%re% Sf%fa&%{npﬁrl%{ t@%‘(getﬁggk ﬁfén%r o %If.ltﬁ %ﬁt@%ssay ey

be used, such as any suc erein.
2003/ 104273 ché/nﬂjaﬁl&t a@gd@(as g8 thiprembtigdyidireat Datngofulttitiveg tlwrmentﬁsjom nant

epi tope and_ ot he scri.bed ei n.al her apeut i roducts to
b6, rmde whish TarEERY REH ebfF SR PLAR St b ke SR B metellcn T

cel | s bei ng ones-cwhirily fatetT cillpaifag 1dad td dheincrédsoritinhe SeRSiHORSE thgasthsd.

gliadin). These fin al so aIIo t he prevention or 5 treat t of

coel i ac di sease™yPs dtﬁ%ﬁé?é‘i’qﬁj’n(w e %‘?lplg’ﬁf’lsb as ShPrhigem Bﬂ]dlylem&nfr cel |
response to th&appideaekaded Kt &a(199OMNH,28548,hesi-nygnti on bind the TCR
that recogni ses the epitope of _the invention (as nmeasured usi ng any of the

bi ndi ng assays dis dibs MG %%gylcg_llli)ﬂpresent in the method may be from the same
20  individual as the T cell or from a different host. The APC may be a naturally

occurring APC or an artificial APC. The APC is a cell that is capable of presenting
the peptide to a T cell. Itis typically a B cell, dendritic cell or macrophage. It is
typically separated from the same sample as the T cell and is typically co-purified
- with the T cell. Thus the APC may be present in MCs or PBMCs: The APC is
25 typically a freshly isolated ex vivo cell or a cultured cell. It may be in the form of a
cell line, such as a short term or immortalised cell line. The APC may express empty
MHC class II molecules on its surface.
In the method one or more (different) agents may be used. Typically the T
cells derived from the sample can be placed into an assay with all the agents which it
30 is intended to test or the T cells can be divided and placed into separate assays each

of which contain one or more of the agents.



cause tolerisation of the T cell that carries the TCR Such agents,
optionally in 10 association with a carrier, can therefore be used to
prevent owotwexto4zidel i ac di sease. Generally tol erisati @aTaEBRoBCESEed by
the sane peptides which can (after being recognised by the TCR) cause
antigen specific functional activity of the T cell (such as any such
activity nentioned herein, e.g. secretion of cytokines). Such agents cause
tol eri sati on when tHmynentopslgsmntids thangeite suchnaritve eysdrenf dny ofithk5
“"tolerising' context. .Tol.erisation |eads to a decrease in the.recognition
of a T cell oragae%ﬁﬁinbegaglnedéﬁlie ‘opE @?C?Iﬁ%lmfﬁr?ﬁ%%eagg‘égwgﬁﬁa’ierPr‘?Sng n&&‘ﬁe of a T
cel | epitope ttinsposisinn bgencdissegtd byove) foe sidalt@tebaysepiratadLsegi@iilisefeg] cel |'s
t hat recognise_the epitope. Thus T cell activity (for exanple as neasured
in suitable asgoéffls‘”@‘ﬁﬂ'oned herein) in response to the 20 epitope is

decreased. Jol eri sahioa®edbodifierdadnbpsHe sQIRANBRANEB RS aﬁsaﬁéorﬁ’prgﬁfér'leased :
anount of specific antibody to the epitaope islﬁgoduced en the epitope is

adni ni stered. FEABHATGY F Usunter abPva e lgells 2apAP heinishsh aReswy spWAbE n such a

context are KpauéroaA@r MR, Gbﬂ!feﬁra'%&@mman BXRP0nRed By RO Theddifbudhe C i N.
| munol . 25 | munagpat hol . 82, 207-215 $1997Aé’ hurau et al. din. Exp.

| munol . 109, BP0 PresTyeion byaku s wed ther ARCs araet refiwirpdn dinalogurs,  528- 33
(1997). |0 ParbhihthidhicaR! Al (f OBl (AR AbkahL A0 of BhnfifHSuch

tolerisation, such as oral, nasal or intraperitoneal. Tolerrsation may
al so be acconptiagheld via dendritic cells and tetraners presenting . peptide.

Particul ar product i k I: 1 hi.ster e.g. in a
30 conposition t ha’f{ n?ﬁ%%@%@ﬁ?&%ﬁ?@%&éﬁ%ﬂ% P?);Ceaﬁﬁr? 1 \?‘?nﬁggﬁ?le guch
products i ncl udd. ThydKiinten peuchd sthe Yok itypislly hidr bbmyg eliowesl tdbRsenesponse

(e.g. IL-4, TG=13 or 11-10). —Pr cts or ent . may .be.adm nistered at a
dose t hat caug%'lzelga of er }tssszi @%en.ﬂ\‘?\ﬁg%@g}a%%ﬂﬁ%mb@ﬁ@fﬁ%%6?%?@“824 The

i nventi on provprdesated, qursoiy be takat upcmnphe seficaw it eftetngatdide thOARCT as an
ant agoni st _of the cedll g ich. el | recogni ses_the agent). Such proteins
and such é\sr?t agoni l’ihg SEH ’%\°§3’hb%t€f’sa§8mtl%coﬁﬁ‘é‘ﬁ?gl’1‘f‘th6]?eTFeglétWI 48i ac di sease.
The ant agoni st depehding GAUS rethod @Sk GasRtchRint3gechghibh oﬂ’tﬁ@?@ﬂﬂ@.- Typitafipe

enbodi nment , thesani&a,gon' s}g bi nSI,s the 5 TCR of the T cell (generally in the
formof a conptefo! tIPfe#QE“ 1—"’DA€§21 df 19 DEBYIChre addadde exh aﬁgﬁy-éﬁg@icﬁﬁj nor nal
functional actyNath@nt &avgdieasy t@ﬂi‘é%’éd\%ﬁﬁts SdrdBRatibRisIoOm RASS e pMough the
TCR intracel lul ar signalling cascade, i ch causes the T cell t6 have

decreased funcRPErbACE T (A 30yl ol tq Wuesdponse to recognition of an epitope,

typically as measurgglichiy #BYength dr&Rle SorBdomaymi® Qt‘:lilsoﬂﬁglc%{eﬁivmh'thé‘%e {1 one
np h Ind a e

enbodi nent the antagoni st conpetes wth epitope to conportent of MHC

processi ng andispioeseietZ4thonrs, praferknb todabburasWaen MEE erotivedBMCs it has
been found that 0.3x10° PBMCs can be incubated in 10pg/ml of peptide for 12 hours .
at 37°C. - |
The determination of the recognition of the agent by the T cells may be done
25 by meastring the binding of the agent to the T cells (this can be carried out using any |
suitable binding assay format discussed herein). Typically T cells which bind the
agent can be sorted based on this binding, for example using a FACS machine. The
presence of T cells that recognise the agent will be deemed to occur if the frequency
of cells sorted using the agent is above a “control” value. The frequency of antigen-
30 experienced T cells is generally 1in 10° to 1 in 10°, and therefore whether or not the

sorted cells are antigen-experienced T cells can be determined.



(typically HLA-DQ2 or -D@). Thus the antagoni st may bind HLA-DQ@ or -DB8
(and thus be a peptide presented by this MHC nol ecul e), such as peptide TP
(Tabl e 1WD 2003/m41780| ogue t hereof. 15 Methods, of causiPeg/GBHegORI®M ar e
known in the art. In one enbodi nent the antagonist is a honol ogue of the
epi topes nmenti oned above and may have any of the sequence, binding or

ot her properties of the agent (particularly anal ogues). The antagonists
typically differ frihmdatagniofticnhéilabavgnidm dfajremeitityi thdT agls negpabl e of

causing a nornal anti.gen ecific functign.in the T cell) by 1, 2, 3, 4 or
rore 20 mut at | OHSSEAAE r RiT Lk Tl A B oty N e e wiieg

del etion). SuckhichiitiRgeaicssithe trgad maalbt ekesddeThe Sent is gprdgy or " APL"
inthe art. The nutations are typi all?/ ath the ami no_acid positlons that
contact the T(ﬂQ@f}*ﬁt@eth’éﬂ?fH’iaﬁl’ 0%'1%5&‘1%6‘??1 YerlDf pEFRE BRYIGHY edpestsyedby
substitution widnhicting %h ths 6EHIENELMhE Bak, ahS nBelué ¥aliRatat the skd\WitseadRNge
represented by amno acids 65 to 67 of A- 25 gliadin (such antagonists are

shown in Tabl e BySCrPRaSsReerdicamiiyely HiE aav ashe adminisred bywsedle. seelissn at the
equi val ent of ROgleEEANLR4an 8% B adhinistle@bE LA HehNR sSULSHhllitcs @lg i S 64W
67W 67Mor 65T. Since the T cell inmmune Tesponse to the epitope of the
i nvention in ahe balhgicy fedhrmgues &hish hyve bsprapsed pptedivertiapleispeidan BRqbdni st may
need to be admigkst : i : e response
whi ch have di ;qde@?glr?tec{eT%hb{é&echﬁ%}“gﬁggcaﬁ%?Cgﬁfge;‘?ﬁ?ts"tésﬁ“ﬁrr%%/tg‘ﬁﬁe“%a%?%@ni stered in
a conposi tin TpicHy om0 ds 1840 |lgefs exa@yplefrom §.0d to iy ez @il If terl@mig of
ant agoni st s, I.C h..ant.agoni se different T cells. WO 2003/104273
PCT/ GB2003/ Oo\é\%‘%ﬁs %ﬁ&fﬁ%%dhventi on al so provides -a nethod of identifying
an ant agoni st of a I onedrhbod{mdit & hrodex ogniesedmitiftered gbivh s capahigpefl si ng
contacting a candi.dat.e suhbstance . wth the T ..cell and detectin et her the
subst ance caus%g“gméil?raéggé" YZHO"?H&I%BP]IYP‘{@GOB?C fapablso %ﬁpf6551?%t%6%%é$go an
anti gen speci fdad be edpaisseed, epgallyiniang obily wal desddibed alssayorment i oned 5
herein), the detecting of _any such decrease in . said abiljty indicating that
the substé&hc eadingmétﬁ‘t‘gﬂ ng‘B ﬁg‘?{' %I}GEOE’HES%‘WSS H’lpFFéﬁ¥ hasiag OBt agoni st s
(i ncludi ng condhapeictans oPhe g&&ﬁ@%ti&é;ﬁoﬁ@ed@tﬁﬁn%rﬁféh ¥hicBRd diQRISkd Or
tolerising (T cell and antibody tolerising) agents are present in a
conposi tion cAT sThegestt 1y exegpsed from thepelynuslspidedn viigoRyeadlydiomagent s whi ch
10 antagoni se ®fo1tBl1660 B2 rérexahfit 8bRM018B1 bORES: Rf tol 10G1g FYEHhkPRtiad O
exanple to the conbi nap'?g?or{sxofgepi topes di s@%ssed Oabg'L\/gle ?ngr ecl atliion to the
agents whi ch apedminisggresduct conpri sing nore than one substance. Testing
whet her a g¢pnpositi IS, I, i ' ' Se nti oned
above the ?dr)lventi or%& g‘?%*?%"g‘g’ga% qgrg#%%lgﬁ%%& é&%? g}%%kirrﬁa[% {f\:ﬁ@?ﬁglrc gtédb%ﬁthge
occurrence of inflammation (e.g. induration, erythema or oedema) at the site of

administration. This is generally measured by visual examination of the site.
The method of diagnosis based on the detection of an antibody that binds the
_agent is typically carried out by contacting a sample from the individual (such as any
25 of the samples mentioned here, optionally processed in any manner mentioned
| herein) with the agent and determining whether an antibody in the sample binds the
agent, such a binding indicating that the individual has, or is susceptible to coeliac
disease. Any suitable format of binding assay may be used, such as any such format
mentioned herein. ‘
30
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a conposition is capable of causing coeliac disease conprising detecting
the presence of a protein sequence which is capable of being nodified by a
t ransgl utwoi2nes®4170 as sequence conpri sing the agent or PERIGRRPES/@R40he
invention (such transglutam nase activity may be a human intestinal
transgl utam nase activity). 20 Typicallyzthis is perfornmed by using a

bi ndi ng assay in which a noiety which binds to the sequence in a specific
manner i s cont act edhaiidenifi¢atien oirp osirtriodomaaat eptiepe afid pitrert dpitnpesf
sequence/ noi ety ¢ ex. i g detected an S to ascertain,t resence of
the agent. Suc es%%%ih%rte 1% aﬁﬁvs hsfag%“g“’ ﬁO%P%{B%e S JMisE twg Ci‘éargg{ﬁhethcf) Sof
substance) mewhicioredgiisenids epitopa butlsT talpibemp byesavisgaaiticigateainticbody. Any
suitable format of 25 bindin Ssa n he.used (such as those nentioned
et 61 0) 1 BTG SAPRER CEA I A Bl SO AR e R Y GRO at | eant 2,
5, 10 or nPrendakhdndofldceBacidcadt WBIsepEaemp (iycokasation meRLSd9hr The i nventi on
fromdifferent gliadins, for exanple a panel of antibodi es capabl e of
recogni si ng t HESROBIRIP HEtePEPRE(S)of epi t opes di scussed above in relation to
agents of the invertdam A&itCr 1B Rvéntibh BRH Gl TEOHSORRIhRENEe BRlofe bhan one
substance. The conposition typically caonprises material from a plant that
expresses a  ¢bf HAPHIORISCReSECE By obthe baidaiengsarbdpquated dbaebad (for .
exanpl e any ofcahmogh&aﬁgh eﬁthéﬁ@clel@@é{ éa%ﬂa%a?e 1@“{/ ﬁﬁ%&%&@@&ﬁ% 96 or plants

menti oned herein). Such material nay be a plant par such as a harvested

product (elQy. aseasehiion Witk apamer carl theralprole ysediomseyert girortgotliac diseashe pl ant
material (e.g. an i i ur or food
t hat conpri ses theXkéﬁﬁg%?%Qg#ﬁécgfgigggﬁﬁgq%%skgkgﬁﬁgfg?ﬁgfﬁg%g testing in
sui t abl e bi ndi regngassgysed by the TORY taves arftigen exafp fmc@mahanvitoefabe T nelKr i cka
LJ, J. Biolumn. .Chem lumn, .13, 189-.93. (1998)... Bi ndi ass The

det er i nat 1 on GIC"H Rt 1T ROV AR P Rt arisls P STt Rerein 10
may be done byagemasasé iprRathariea tley astjreenttd oithdetmak sixdhinsibst ances t hat
change' s qﬁon Qindimg §¥ch as a spectroscopi ¢ change. The bindi ng assay
format may be X BHHCEHTFt' system This involves deternining whether the

presegce ﬁf one SUH%‘IG&i}LQﬁQ)ﬁ(I&U@% aa@c@aséaﬂdiedacfggnﬁ@b&taa{we&]l)oram ces or
retards the progress .the ot her substanc urjng gel . el ectrophgresis. 15
The format naySPHEPEDYEHFERTIe SYEeB; ﬁb‘%b%a%fie hoaclhpitere Hiscan ks srusedfet her

the one subst apg gelbtfonaPhferki®ng BT Bdils thad RcBidditneppbpd MBLOTREN agtiiipt ance to
an agent which is known to bind the other substance, such as a specific

anti body. Mt e sgrnplephmprseted ihitplle FaseysimapEpnaddaregy dviceroasedo e adi n
protein i nyphi éi)tﬁoﬁenis BRILQRE REIUANNGF A aﬁtﬂgdy response means that a decreased
amount of specific antibody to the epitope is produced when the epitope is
administered.
Methods of presenting antigens-to the immune system in such a context are
known and are described for example in Yoshida et al. Clin. Immunol.
25 Immunopathol. 82, 207-215 (1997), Thurau et al. Clin. Exp. Immunol. 109, 370-6
(1997), and Weiner et al. Res. Immunol. 148, 528-33 (1997). In particular certain
routes of administration can cause tolerisation, such as oral, nasal or intraperitoneal.
Tolerisation may also be accomplished via dendritic cells and tetramers presenting
peptide. Particular products which cause tolerisation may be administered (e.g. in a
30 composition that also comprises the agent) to the individual. Such products include
cytokines, such as cytokines that favour a Th2 response (e.g. IL-4, TGF-p or IL-10).

Products or agent may be administered at a dose that causes tolerisation.



i nvention, or sequence which can be nodified by a transgl utam nase to

provi de such a sequence has been nutated so that it no | onger causes, or

i s recogriweedodnws27a T cell response that recogni ses thecepir20@00245 this
context the tern recognition refers to the TCR binding the epitope in such
a way that normal (not antagonistic) ant2sgen 25 specific functional
activity of the T cell occurs. . Methods of identifying equival ent epitopes
in other gliadins ahe iniesitanggeddesatpoetein ﬂiﬁheomﬁrisgbatgepwnoé aflhe angtdsaned

gliadin is one ave
honol ogy with @\I{é% ﬁ% Cﬁ%yesle&fnc&%é;)&(lgcceﬁ réC% 1feh theia qé%&iﬁﬁrogﬁlrgnaggxé%%‘ove (in
relation to thmt@omlsksgmee)lscalwmsdstoa;lrévenﬁorSE@cbdllaNﬂiséhsarTMthSm&@vﬂ]lS 30,
60, 100 or 200 con uous _gm.no..aci ds o D,.NO 3, Likew.se, .for other
on- A gl § ad: nee RO PRy iR T U iSents GERREIETS U AR 6 nat; ve
formof that ’gdZRadthETc'Ehegeﬁaql]ﬁhﬁE@foﬁfl 004 betfiplaaidi HLAJbQ26} IDgE)6Lei ns are

known in the art 2003/104273 PCT/ GB2003/ 002450 27 The tated gliadin
will not cause™ tS@IVC\Eﬁ%L‘Smgé@% f‘b‘}CE af pet Ba%aw&@a?%ﬂmgw%? Bﬁ%ﬂ of coeliac

di sease. Typi Cgdsted thibeohud BCR Gir-delti L 3eslihd@sale, WHich Rfisek iR T @Rits ope to
induce a T cell response, The nutated epitope may have a decreased binding

to HLA- DR or laseecrepseiuiupciionagiivilyi(s-giy re@%‘“ﬁ"e”ﬁ?%@ﬁ?’éﬂ PEPHPPEAPC or a 5

decreased abi |%ﬁéal’!ﬂas%é&§u&@bﬂ QitbR ars@ac;(a%h@&d hélein§. cause
anti gen-specific functional tyl vity T cells that recogni se the agent.

The nut at ed gl i adi ingpe @@l?qdé]é%\lt Wemptagquéﬁ@nmt@ vafoniters tobindeduced
recogni tion i n: AN of ]E@I(?%\%/@e)éﬁné@ﬂ ﬁ@ﬁﬁlcﬂ? L&y dch :{)s.%lrﬁ\IIH@ ’i‘notlé%ufehe

di agnostic aspects of t ent i on e nutation’’may be one-or
del eti ons, addittrieety HoA-BOBor iPQY)I dhss e antd@nlsemay hlnd_H&A -BQ2 4r tDQ% 6 to

NG 2 or  acr oseBhuEbd Lotgie iRk oS AR A SRR RSy REAHERRCTT (o
equi val ent s t hH))eof horfvlefuertbdséof. t he nut. ant gli adin has at |east one
mut ati on |§1thes nls?%heposulon

n r.red tatl
65 in A-gliadin é{ﬁ%d%é)ﬁ““g ngv%tf’%oﬁlfsmp%éﬁqwdﬁn 15 %% ﬁg R
TyEI cally tCI he metgumaﬂ ik yﬁﬁtﬁ@luglfel dfthelhitflet @ fifidhed above hmsm@pﬁav*e :ca@floﬂbtlﬁe
substituted to any of .the anj no aci own in e 3, ably to
ot di ne. 1ty OTHES bIND BHEErON e b e SR BB bRY Aiie e Tha e
invention t hUSalﬁig%ﬁhs@"rﬁ‘{daﬂ?ﬁlfféﬁﬂoﬁfanﬁoﬂ"ﬂdé éﬁdv@@pﬂo%éﬁkﬁhﬂ:‘ﬂ)ér&fapéﬁi‘@of’mt ations
in any of the sequences discussed herein) in an eE &Ee of a gliadin

protein, whi chcaUEps ¢ BpyEa] antigep @eeifie fuckam ipphe T ¢l 3,4 & B¥Er ease the

abi lity of 5§ hemgtlah@l‘g'(&c@ﬁ%ﬁbﬂmﬁ?be gglbgt@tHﬁﬁl GR& bR HleeAS Rucl N ONe
enmbodi ment the nutated sequence is able to act as an antagoni st. Thus the

i nvention provindReenigts predergien “elirard Repisrlicgeds” ar ‘Setddnde athiléhmuttiond e to
bind toa T Cﬁg hrg{cgﬁﬂ&ttﬂéamﬁ‘i@h&@p@éitfo% fhaf &GERLAL TERCOYNI SEs an agent  of

t he i nvention,
' The antagonist may differ from the epitope by a substitution within the

sequence that is equivalent to the sequence represented by amino acids 65 to 67 of A-
25 gliadin (such antagonists are shown in Table 9). Thus preferably the antagonist has a
substitution at the equivalent of position 64, 65 or 67. Preferably the substitution is
64W, 67W, 67M or 65T.
Since tl'le T cell immune response to the epitope of the invention in an
individual is pblyclonal, more than one antagonist may need to be administered to
30  cause antagonism of T cells of the response which have different TCRs. Therefore
the antagonists may be administered in a composition which cofnprises at least 2, 4,

6 or more different antagonists, which each antagonise different T cells.



whi ch sequence is able to cause antagonismof a T cell that carries such a
T cell 25 receptor. The invention al so provides proteins which are

f ragment swof20em®4zBove nmutant gliadin proteins, which &C&/GR200328245015
amno acids long (e.g. at least 30, 60, 100, 150, 200, or 250 am no acids
| ong) and whi ch conprise the nutations disscussed above which decrease the
ability of the gliadin to be recognised. Any of the nutant 30 proteins

(i ncl udi ng fragnentB¥ mentioniwdroredsianmatipgd odlidotifymgpn estegdnist nf £ Heelf or m of

fusion proteins, . .for example with other gliadins or. wt on-gl.i adi
proteins. WD 2@%%?%5%%9@%%%@036’5%3% tacg%g al‘?laéldlg\é\gﬁ is{llkﬁFagﬁet‘gU\]i‘ ?‘8&& pe
protein to thecsdiindatdedctok ivdeihar the atbetanceicsusey pdacadabeyin ther abititaofthaicalhceous
nonocot yl edon,, such as a plant .of genus Triticum e.g. wheat, rye, barley,
oats or triticareEeng Brelmre e ThRER L oAy Sl as) meptignedy g i adi
The gliadin neyeibg iRt Adinsuch ddtidase ThRgidiabVighaiofinglis@ter ovi des a kit
for carrying out the nethod conprising one or nore agents and optionally a
means to det ectUObAEE I SEFGHEPT SN of the agent by the. T cell. Typically the
di fferent agents arg op¢ @Mbod@serd: Qhe SitdFohitd I8ANSng SRR LR HanthPorigsieent i al
use. Typically the neans to detect recognition allows or aids detection
based on the t&PHATISRIIPEsARlsBENHTR¢E andiodsHelertingaemiyargpressitdet ect i on
of a subst ancei,$&ehpbetbrniphSing a8t 5 4, 8bf Bbre28EOMHNH bQBentd NRicKI t MaY thus
additionally include a specific binding noiety for the Substance, such as
an anti bodyd THeageniseentolerserty giffesint gpiiopescif thegnvepiion, fageyampthieo the noi ety is
typically i-nmobj l: . b . Jis : . af bi ndi ng the
oy ety the Suberanag PR i BuRRRe in Ky MRSl MiBLHFE 1 ch
secreted it. Thuduct tappisgly nofre absteamubsintei ety conpl ex are forned on the
support, each spot representing a T cell which is secreting the substance.
Quantifying the spots, and typically conparing against a control, allows
det er mi nat i on Déstihg ehgthiet h compbsitidieis 24pablpeoTicausiipecoklidc digseal SO conpri se a
means to detect the substance/ noji et onpl ex A detectabl e .cha may
occur in the noiet yAﬁIf‘?%Iofle aiﬁ’f’?éertlhf)frﬁﬁﬁ}?ahWédegﬁH’fﬁ’é?hc?g?et%rH’éﬂng‘X “col our
change. Al t er natdnybyioRissesdobBisgie\coéliat @tdsy cohprisi deeeting/tht abel | ed for

detection may be allowed to bind the substance/noiety _conplex to allow the
25 det er mi nat i BR%B¢° YRSTYPBELIUCNS v sapabie § 6%%111 fiedyond noi ety may be

specific for #HRgeMRslaadieRs sdyMbncBichiflsrishethd iRMER epRdge®r 2R it Rgtsbst ance
than the first norety. The inmmobilised support may be a plate with wells,
such as a ni cr@¥httpasgiytamimase activity may be a human intestinal transglutaminase activity).

20  Typically this is performed by using a binding assay in which a moiety which binds
to the sequence in a specific manner is contacted with. the compdsition and the
formation of sequence/moiety complex is detected and used to ascertain the presence
of the agent. Such a moiety may be any suitable substance (or type of substance)
mentioned herein, and is typically a specific antibody. Any suitable format of

25 binding assay can be used (such as those mentioned herein).

In one embodiment, the composition is contacted with at least 2, 5, 10 or
more antibodies which are specific for epitopes of the invention from different
gliadins, for example a panel of antibodies capable of recognising the combinations
of epitopes discussed above in relation to agents of the invention which are a product

30  comprising more than one substance.

The composition typically comprises material from a plant that expresses a

gliadin which is capable of causing coeliac disease (for example any of the gliadins



Each assay can therefore be carried out in a separate well in the plate.
The kit may additionally conprise nmediumfor the T cells, detection

noi et i es wBQoaw1omzishi ng buffers to be used in the detecPCorGERIe®2450he Ki t
may additionally conprise reagents suitable for the separation fromthe
sanpl e, such as the separation of PBMCsyor T cells fromthe sanple. The
kit may be designed to allow detection of WO 2003/ 104273 PCT/ GB2003/ 002450
29 the T cel | sorgilangsohdnionad hetrin)s Snghl eatevial moy be a elgui partngrchaya lsepatedt | on of

t he conponents f.the s e. The, kit. may conpri.se ap.instrument which
al | ows adnini§¥?§cf%"8Fgfﬁgw§%%%P%m%ﬁ%ﬂx§?seﬁgﬁgﬂgﬁﬂépeB mﬁﬂge nal
adm ni st rat i one.gTanyisoetl prydistsbntiomed hstin)) swhtas 2 Bowawnisddses cphpsdeethe dr essi ng

or one or nore _needles. The instrunent. may al.l ow ballistic delivery of the
Spent. The  aGCARIRn TR roRreng L ot Mg e S B v iDle B st el

conposi tiors Tbetide for BN SAnE&OIBTYd i EriclonLY, 0IBiolusit Chasiipeis! 13, v&-or
negative contr gl The positive control may allow the detection systemto
be tested. Thd?‘ﬁ%@lpositive 10 control typically mmcs recognition of
the agent in any of the above nethods. Typically in the kits designed to
determ ne recognition in vitro the positive control is a cytokine. In the
kit designed t®nBEAERYSn vivo recognition of the agent the positive

control may be ant ifggRei:nittion dr PRGhg bk HYRS sbBAY -RERRNRGeinThe Ki't
may al so conprise a neans to take a Sanple containing T cells from 15 the

host, suchls aapbesivae 8xnmeteringh ehagdcteripipoleshgsof beth aubyieases thavclsagsr at e
nmononucl ear celJ,s 0 e b, £ gﬁﬂ@‘ fromthe host. Pol ynucl eoti des, .
cells, transge S naﬁ%%%% aﬁhpdﬁg%%g iesh§he invention also provides a

pol ynucl eot i de whi cie bgidpgpstal Eormfit mxprees bamishiff Gystam. gihgnviiddves he agent or
nmut ant gl i adi ny_pr I TvRI nuc tide_i ?NA or BNA, and
is single or ddggebn%él%{sg[m?lg)ﬁ}gggl.e%%ﬁé%ggf(gnﬁ%c ‘%%n%:'? Gg&vﬁslalca%(ﬁ% %?uzlig[fl?/ce conpri se
at | east 50 basiesnces orbesels fwiptagrest of the xéhnpubstaide tharidb(f] elddddph@eddO0, 500 to

1000 or 1000 to 20 r re bases or.base.pairs.. Th | ynucl eot i de
t her ef ore Pscorrpri sgfgle 2“5%[3?]%‘%& mpgﬁtw@ra’f’é’%‘%s‘“’ftﬁ%i %@éﬁg&l GF WEBEF D NO 1
or 2 or any ofth@bnddbstarch@rabrge tfhibittRAbihMAE of theb@bmubstanct feanigednd 3'  of

this coding seqguence the po]ynucl eotfide of the inyention has sequence or
codons which & dﬂFiP@W%Hﬂ”Wi%ﬁP ﬁ%m£§%ﬁ%éH@EméﬁP%Hgﬁﬁ@b%W-and 3" to these
sequences in the corresponding gliadin gene. 5 and/or 3" to the sequence
encodi ng the peptide the pol ynucl eotide has coding or non-codi ng sequence.
Sequence 5' arfdutyt gliadip prgteingodi ng sequence may 30 conprise sequences

whi ch aid expr es Si affe il%ﬁflfbn%ﬁox):icqe@a%ﬁ{ldhpﬁljo% ﬁWi&rantegml s@t{%{ieg& of@fe the
sequence encoding the agent. The pol ynucl eoti de may be ‘capable o
expressi ng invention, or sequence which can be modified by a transglutaminase to provide such
a sequence has been mutated so that it no longer causes, or is recognised by, a T cell
response that recognises the epitope. In this context the term recognition refers to the
TCR binding the epitope in such a way that normal (not antagonistic) antigen-
25 specific functional activity of the T cell occurs.
Methods of identifying equivalent epitopes in other gliadins are discussed
above. The wild type of the mutated gliadin is one which causes coeliac disease.
Such a gliadin may have homology with SEQ ID NO:3, for example to the degree
mentioned above (in relation to the analogue) across all of SEQ ID NO:3 or across
30 15,30, 60, 100 or 200 contiguous amino acids of SEQ ID NO:3. Likewise, for other

non-A-gliadins, homology will be present between the mutant and the native form of

that gliadin. The sequences of other natural gliadin proteins are known in the art.



t he agent prokaryotic or eukaryotic cell. In one enbodi nent the

pol ynucl eotide is WO 2003/ 104273 PCT/ GB2003/ 002450 30 capabl e of

expressi ngotzhes/mgrat in a mammal i an cell, such as a hun®cT/GB2008A102450r
rodent (e.g. nmouse or rat) cell. A polynucleotide of the invention may
hybri di se selectively to a polynucleotige that encodes SEQ ID NO 3 at a

| evel significantly above background. 5 Selective hybridisation is

typi cal | y achi eved Usinngatedglaidini vaH s.oiofauseedelinndiseash ogivilbdansenigemeasgd ( f or
exanpl e 0.03M godi um chl gri nd--0..03M.sodi.um ci trate. at. .f.rom, about 50C
to about 600) % \F\%l\}se(ﬁ?’oe;iﬁgﬁ%ﬁ% ir 1 |lcsa:ljt1 5 urtr%![i?nbgcrE%Fsr@%ﬁblhmog]ﬂ’r‘?der any
sui t abl e condi ¢pitopstokmbwana Treell kepaist. TiearntGaddpiopkmey hak a(d2Q8R3yd Ml ecul ar

Cloning: A Labagrato .=~For examl e,. if high stringency is
required, sui ??Bﬁ%@g %H%W %rdﬁggi %%qcffageﬂﬁg‘%‘b&toégé%é‘fnte@dﬁa%I/{{) qy%‘vﬁer
stringency js deepdiddedilinsidibiralab er tote Metobhi®asi.d. 0alst Biigan-¥peodic fafctiBE. Agent s
or proteins of the in\lfen?iﬁ;?l %be encoded by the pol ynucl eoti des

descri bed her efHYIPIRS Ty eCretshise thepggts Shepepten gliadit grepienstdl i nto a
replicabl e vectekfordShoRullbr fedisitredoghifioR R iy bOmE 8fhyGRLBohdd Rrediint abl e
cell. The vector may be_an expression vector. In such a vector the

pol ynucl eot i detebfion idhs diggretichirsels &pheriBrsnijoni nked to a control sequence

which is capabl e ofrmayitdhnoyhe E?émn&é BEIBSHE QR aBbnd PubsBRk¥Ug! eoti de.

The vector may contain a selectable marker, such as the anpicillin

resi st ance Igenéngte @ torhet thél §ioud) Eotoi lder moravia thespitersy fop exappdsasassi n a cel | .

Such a cell may havesrBeBNG:H ‘%&Eﬁﬁﬂc I ywuichegk e 0 tor. The
cell may expresgﬁ%he agent. '?’ﬂe ce vﬁd%@qgﬁbsen’?ggg’eﬁcﬁf’r%%dtlﬁl e wWith
the sai d vect oor agreds ¢rryafeots thexadpPrefelpbly the prkibglizdinibes {thest @einaltytionyeast ,

nto host cel 18 oraieesrd B NoRLY REceRsiuth e a5l Ry 8t it "
phosphat & pr ecfopirt ateiqoivaleidp&ticextotengliadans f Bpidabythe astualle otduafigr at i on.

The invention provide rocesses f the producti.on o he pr inhs of the
Tventton b SREEAR AR RS S Sypblals -RE T Rt afdntpre Sl
transformed cgbferads tdafstidiag tabave trnestian 098, bioliRg ok Batnidl | ow t he
expression of the ot.ei n, a{1d r ef ec{ably (b) recovegi ng the expressed
pol ypeptide. Optio Fllvellq%él‘ﬁ&@ﬁé%’ﬂ cgasey arfetinn (Fush puf fdhermppgens
purified, by tiﬁ@hybﬂme&g?ha@mﬁdﬂsge@ﬁe@m in ahRBitdpR\GER LI FbRA, RhRYI des TCRs

whi ch recogni se (or bind) the agent, or fragnents thereof which are
capabl e of suctPiPRLISghPRIoBA O BF TEPHEPHE fecrmsethe ability Pdhambadiomsyiaiosp73
PCT/ GB20034P0243Q: codttac disease.

In one embodiment the mutated sequence is able to act as an antagonist.
Thus the invention provides a protein that comprises a sequence which is able to bind
to a T cell receptor, which T cell receptor recogﬁises an agent of the invention, and
which sequence is able to cause antagonism of a T cell that carries such a T cell
25 receptor.
The mnvention also provides proteins which are fragments of the above mutant
gliadin proteins, which are at least 15 amino acids long (e.g. at least 30, 60, 100, 150,
200, or 250 amino acids long) and which comprise the mutations discussed above
which decrease the ability of the gliadin to be recognised. Any of the mutant
30  proteins (including fragments) mentioned herein may also be preéent in the form of

fusion proteins, for example with other gliadins or with non-gliadin proteins.



present in the any formnentioned herein (e.g. purity) discussed herein in
relation to the protein of the invention. The invention also provides T
cel Il s whiwb 2e03m0d2x'3 such TCRs whi ch can be present in 2ay/GR2000/(02459.
purity) discussed herein for the cells of the invention. 5 The invention
al so provi des nonocl onal or polyclonal apdibodies which specifically
recogni se the agents (such as any of the epitopes of the invention) and

whi ch recogni se t hellmetamalegwikidype poteines the niwemeal dligginpadttiy istpiedilydo not
recogni se theﬁgl%%i val ent wi_| d-t%tgle (gll i adi nsé1 Otf t he inyvention, and nethods
of making such™ORSE BRI G AL HEGT B S5 25 Bl of SHE LGHOBR5cE SBERk i cal | y
to these substaaceslepfoatsietrititfle Tiveprdteiars tyblallst 4, pRrM9SLs glifidih hThe

i nvention, the 1t arm ) ?Rr;eti bodg" .includes antibody fragnments such as Fv,
F(ab) and F(ab§Pragnsfnd eidite | as single-chain antibodies. A method
for producifng a polyclonal antibody conprises immnising a suitable host
animal, for exanple an experinental animal, with the i mmunogen and = 15
isolating i m’ruﬁ&@l obulins fromthe serum The animal may therefore be
inocul ated with t heeliRHAQORR pb@Rd HUBSAAYRR bhdnE FERYE LS RMthe ani mal
and the 1gG fraction purified. A method for producing a nonocl onal

ant i body conprPigBye ag gl gptiogpihiga Bisasdo diect Hiepecoaniten efifke afisstyehe Ent i body.

Hybri doma cel nguggp@ﬂy 1RE @RERA BN Eﬂél%ir&?deﬁ%r%‘ﬁﬂul&géck}?,ls%féﬂﬁégp i nocul at ed

experinmental ani _ h tunour 20 cell's (Kohler an stein (1975) Nature
256, 495-497) . sequemtial ysproF Yragally dig rasans topletsdiretagyitivh ellafesir pidd detedtiobody may be

sel ected by a ba%QJW?t'ﬂHe@ﬁ&ﬂ%ueQﬁB&%géﬂr 8ovel N€ hybridomas may be grown in
culture or injecte Intra erltonealaly for formation of ascites fluid or

into the bl ood str é&ws gk ngans mhy dlpendetechasef anbsiame scoctadbydid B edlshost .
Human anti body prepared by in Vitro | ni sat i,on.of human
ol e R PRRRE Y A et bd Rl By Bk ey PR 0

| ymphocytes, f “trans ion o
Epst ei n- Barr vihe sshstakae sitches pr adiiedyi. Aie afoidipishy il epeaifal foalitf - ofhec| onal

antibodies,_the . experinental .animal isS.suitably.a goat, rabbit, rat or
Touse. 11 desi PEED Tt e T hRYaER g B Hone 3Rt et KoL U bg e [
whi ch the i Mmunegsnhé sibsome el rendth nQke EXANPHEIYT delBwhicH Soctdtadi i Bfusone -of
the am no acid, resjdues, to a. sui taﬂbjl e carrier. The carrier nolecule is

typically a physg?fé’} bty metete rarclopnedan thertteperhierdicl9t  obt ai ned may
be isol ated an@prekdnifles Tic8llwhiRHAd kédthg tM&QQ@ei%zﬁﬁ‘yiﬁ%e@ﬁ%Q%é 002450 32
nti

The pol ynucl eotide, agent, protein or antibody of the invention, may carry
a detectabl e WAkE}Y conweErg agBing 3 copEelsallonis Shicrminaian 96 resegniting afthet he
secreted sybstgpge by visual inspection, optionally with the aid of an
optical magnifyi'ng neans, are ’

: The kit may also comprise a means to detect the substance/moiety complex.

A detectable change may occur in the moiety itself after binding the substance, such
as a colour change. Alternatively a second moiety directly or indirectly labelled for
detection may be allowed to bind the substance/moiety complex to allow the
25 determination of the spots. As discussed above the second moiety may be specific
for the substance, but binds a different site on the substance than the first moiety.
The immobilised support may be a plate with wells, such as a microtitre plate.
Each assay can therefore be carried out in a separate well in the plate.
The kit may additionally comprise medium for the T cells, detection moieties
30  or washing buffers to be used in the detection steps. The kit may additionally
'comprise reagents suitable for the separation from the sample, such as the separation

of PBMCs or T cells from the sample. The kit may be designed to allow detection of



preferred. Such a systemis typically based on an enzyne | abel which causes
colour 5 change in a substrate, for exanple al kaline phosphatase causing a
col our chaogeod/rw4zr3 substrate. Such substrates are conmPCTiGH20§3/@e40| abl e,
e.g. fromBioRad. Qther suitable |abels include other enzynes such as

per oxi dase, or protein |abels, such as Bk otin, or radioi sotopes, such as
32P or 355. The above | abels may be detected using known techniques. 10
Pol ynucl eot i dethe Tagéndisscilpmohesangple witlidubrdiieisg ary sepdritionof tHelvempeneatst i on may
be in substant%tgl leX }{I)url fied form They may be in substantially isolated
form in which® ca¥e ey will generally conprise at |east 80%e.g. at

| east 90, 95, 97 orTiR9Gbmdy dohrisqral igsiualeaoihiceallope pimiéiratdi ofigdy, cells or
dry mass in the ration. The cl eoti de, ent, protein or antibody
is typically s%ﬁ?g{ é‘ﬁ?ﬁaﬁ 111:[)?(1?1?1&16@851%8%}?@?AHTBISE@}OPU| 1ol SR hrpErumPRE

pol ynucl eot } decoragisd plasmodredsmg Of oned? il dAOEREAIBRYTHREnstSREnt thy a3HGN 2
substantial l'y |sol ated, purified or free formin the methoci’ or be present

in such for msP4lksterelivent Oft%eil%\;%‘ﬁﬁgeé‘ﬁméh%]ﬁt Bk Béke farm phhsgeni ¢

non- human mamMmelardeafical SofoeEseSs @ TCR of the invention. This nay be any
of the mammul s discussed herein 20 (e.g. in relation to the production of
the antibody). PrefEredBimeae crunfie conials. saeh 4spogiigcspegaivesontiolscoel i ac

di sease. The MpRIRsitHBYooSRafXRHERS dbbdioPPerd to‘%tedoﬁh{fg&% Y@@ and/ or
may be given a di'et conprising a gliadin which cause coeliac disease (e.g.
any of thel@l i suitil fpieelsi misnippapecigpitied ofibe agen) in aTh pthe Hwve metheds. may act as
an ani mal node v

met hod of |den#¥4l%13919%£kﬁg%£lgﬁ§€% al%ng&%%%jﬁ%%g{a% l?'gt oﬁ O(Bm% ?Irg.%?%l sease
conprising adnt nytsltleer |Inghed<1tc®mgnedlao éetsqjlastzmeognmoa of ﬁlalagamltthafpomhm 4

i nvention which usce t.0 gel 1 ac di sease and

det er m ni ng \/\he%n}%m?m?ﬁ% amﬁe“% “?%C\ilen TS n(C)her uels l%déﬂ‘fco%jloflsac di sease in the
mammal , the preverfﬂiedmtrmyaﬁsoeampﬁmta méanstmethltear,‘saﬂhpkeaﬁtemiﬂgdﬂ &fit fib@ t hat the
subst ance |s g + eragts f 3,@ oduct may be used to treat
or prevent %oehF RV Yo °°d1s lélp nv Rk Blﬁyﬁ? Saéglef“f‘?é?é‘fféﬁ’f‘? ¢ (including
prophyl actic) megstusleftcellirannas frbs aSubpk &&LE: hdshe agents, proteins and
pol ynucl eoti des of the invention). WO 2003/104273 PCT/ GB2003/ 002450 33
These substances are fonnulated for clinical admnistration by m xing them
with a phar mepgyhidatiays, eReRhRBbSAc ARMMAS aff affibbliRft . For exanpl e they
can be fornulated for topi cal parenteral, intravenous, intranuscul ar,
subcut aneous, i nt r agE€ungption 415i‘i>tl¥‘a‘ﬂ@ﬁﬁm01yné‘ﬁ¢@éf3 Friaich ésrcapghimefpapigssion

adm ni st r abj ony, pIhgisHbs eap&%anmghm %ed. ?@ME ¢ 1%%&%@ & iWBNah 1S

phar maceuti cal | y accept abl e and approp r| ate esired route of
admi ni st r at i-onor RiNé, gaday siedeendoble byanded- rTlerpob'ﬂludﬂ:dﬁdemll preferabhj ect i on

comprise at least 50 bases or base pairs, for example 50 to 100, 100 to 500, 500 to

1000 or 1000 to 2000 or more bases or base pairs. The polynucleotide therefore

comprises a sequence which encodes the sequence of SEQ ID NO: 1 or 2 or any of
25 the other agents mentioned herein. To the 5' and 3' of this coding sequence the

polynucleotide of the invention has sequence or codons which are different from the

sequence or codons 5' and 3' fo these sequences in the corresponding gliadin gene.

5" and/or 3' to the sequence encoding the peptide the polynucleotide has

coding or non-coding sequence. Sequence 5' and/or 3' to the coding sequence may
30  comprise sequences which aid expression, such as transcription and/or translation, of

the sequence encoding the agent. The polynucleotide may be capable of expressing

the agent prokaryotic or eukaryotic cell. In one embodiment the polynucleotide is



may be, for exanple, a sterile or isotonic solution such as Water for
Injection or physiological saline, or a carrier particle for ballistic
del i very.woheoxmgz3of the substances may be adj usted ac®cTdiBrgO¥m@245ari Ous
paranmeters, 10 especially according to the agent used; the age, weight and
condition of the patient to be treated;sdthe node of adm nistration used,
the severity of the condition to be treated; and the required clinical
regi nen. As a gpalde pf dxipesamgthe bgeof inquwrrstrasice celgdmhras 8 hemed phiynateryrecti on i s
suitably from0.0 /kg to 3 kg, preferably from 0.1 ng/kg to 10

ng/ kg. t5 The ?@ﬂ%é@gd?QQ%WVﬁggggation and dosages described are intended
onlé ias ah' gui de simpelyﬁiclesﬁd%ld cbfgh‘b iﬁV@lﬁblilfl’lh?ﬁﬁfrid\ébégéledﬁ@dﬁ?i@ to determ nfa
readily the optinmum rout of adm njstration a sage for _any particul ar
patient and coPff®f Riderhat cBiodet R BE NG #pdehventig Y pegye PkerRd-used in
a method of s t r gaddi@ahyidisafidies RplEally Qhicdét WeRlg J3REMonsQF meBiud t6iha@nost i ¢

nmet hod practised on the human body. . 20 | n particul ar they may be used in a
met hod of tr eatiEgneT ((Rrestraple Pﬁé%éuumefékmdg afsBU3M seium gifaferat §Amal so
provide the aggpussiOko 48t 40PCR HENNAIsRh niRHkhact MieblantedBbitRent for
treating or preventing coeliac disease. Thus the invention PFOVIdes a

nmet hod of pr evantsifiplofonditiens ngyn dndp pr ¢sed Saabreek ¢ ohidPPYi Mglesdat ni st eri ng
to a human in : t t-he i avent i ' L a
non-t oxi ¢ effe%?@%l'égﬁgﬁgﬁﬁﬁwéﬂggéo _m%@gg?@%%?%%@%%ﬁ%r% Jg%%?%%mzan be
made usi ng &t asrdditiansipplided.? s SSRaPEEr f lowerstmigensads requind, aiétaldy use of an
aut omat ed Synt&ﬁﬁ#%ﬁ§ﬁw%ﬂ§z%9§@5t@?& be made from a | onger pol ypeptide
e.g. a fusion proteln, I ch polypeptide typically conprises the sequence
of the peptide. TheAgeptor detamsyof be eniivedayf beommecedee b thepolyppdpdtidde by f or
exanpl e hydrolg%&ﬂgd%q%mpolypeptide, such as using a protease; or by
physi cal |y br e3Ki [

ng the pol ypepti de. The pol ynucl eoti de of the invention
can be nmade usi ng Bigobandedtide may umsyr bs icbrpasieh yntol s keplicablsyaatonesi ser. WO

2003/ 104273 PCJ/ GB2003/ 002450 34 Pl ant. [ 1 nd pl ants, that expre
ot o Ll rotsaceres o Byuspiate na grinbRicel B iePor B b A eRESEoRp T ch can

act as ant agonyestcs. ThRcikeldctd thelgoBnbElvaIaE e IRYNRA iPodRkAR! lifked toa SUCh as a
cell of a gram naceous 5 nonocot%ledonous speci es. The species nmay be one

whose wi | d- t ypenfrelseieseps whishs cappbleqdiprryiding fonths expiprsioB P thee gl i adin

proteins nenti cREfi& ThE haGdrichyngn@ni :adieRtEble Wafkhr, Y od @88 QiflinhoNDI 0gy
to SEQ I D NO 3 nentioned herein). "Such a gliadin nay cause coeltac di sease

in hunans. Theregigippcerggye. be of wheat mai ze, oats, rye, rice, barley,
triticale, ,gor (~:]hum'l."11(3r oﬁlﬂﬁgéotig@&evecﬁ-gygfa§@é %seglpﬁ acf:@ﬂl.l Sich aQ:fell E‘rﬁ? ndvd t1cum 10

genus, such as aestiv m~ spelta, poloni cu I nmbnococcum
been transformed by the polynucleotide or vector. The cell may express the agent.

The cell will be chosen to be compatible with the said vector and may for example be
a prokmyotic (bacterial), yeast, insec't or mammélian cell. The polynucleotide or
vector may be introduced into host cells using conventional techniques including

25  calcium phosphate precipitation, DEAE-dextran transfection, or electroporation.

The invention provides processes for the production of the proteins of the
invention by recombinant means. This may comprise (a) cultivating a transformed
cell as defined above under conditions that allow the expression of the protein; and
preferably (b) recovering the expressed polypeptide. Optiona.ily, the polypeptide

30  may be isolated and/or purified, by techniques known in the art.
The invention also provides TCRs which recognise (or bind) the agent, or

fragments thereof which are capable of such recognition (or binding). These can be



The plant cell of the invention is typically one which does not express a
w ld- type gliadin (such.as any of the gliadins nentioned herein which may
cause coewpa003/mitxdase), or one whi ch does not express RCFIGRedoanoCLMPri si ng
a sequence that can be recognised by a T cell that recogni ses the agent.
Thus if the wild-type plant cell did 15 gxpress such a gliadin then it may
be engi neered to prevent or reduce the expression of such a gliadin or to
change t he ami preseacinthesay fiemosentibnddiered {eadpuritg)aditchatd hdreindn relatinger causes

coel i ac diseas typi cally by no.l onger. expressi,ng.the itope of .the
Cventtony - Tris piolh fnedbudieB TR RS B FRvHBeL st g TR et neo 1,

2, 3 or nore OTCR2&hiah bante psdseht igdriyacinh (ege p@fty) dischived G&bin forf ths cetanpl e into
codi ng or non-codi nlg. g]e.g. pronoter regions). Such nmutations can be any of
the type or | g6 nut.ati ons di scussed herein (e.g., in relation to

honol ogous r ot ei NShe ihatdMHBpkAMEes GRdAodIEhal bifolyRIbusIR bl viidhect ed manner
(e.g., using site _directed nmutagenesis or hanol og{g}gs@gr econbi nati'on
2\

t echni ques) ~ orSPEHTigally Apf@amss s AERts (Bich as 1ok e gp he inyppiiophad 25
typically sel e@ﬁimggca‘)@ﬁsemlﬁg@ﬂigﬁﬁﬁngl%kelin?s (O R0 WRAIR Mo XBE SRS t he
gliadin (or a gliadin sequence which causes coeliac disease)). In the case
of plants or phapquiaddnt yildhpe shadinse aEthe inyeion) andmpstods epaliisesich  sequence
abl e to act as,p,aat ageBb&ls ot knRnRlAthd eciﬁl:@}tm BRbd sulncEXPHifss a wild-
type gliadin protein (e.g. one which causes coelrac disease). Preferably

t hough thel®B0 pradiemce of the antagoni st sequence mﬁll_ca@se reduced
‘ngests a food comp AonureRs SN aTyRuty R APk baP s ARk U

2003/ 104273 PCTigEB28068¢106 Z450ab)35d Fiub). folyauis lagveil desivgié-clmin mtibb@isent in
(or which was transfor i_nt .1 he l,an | L will. generally conprise
pronoter capable o#\%&%ggggfﬁb%?ﬁ%a%ﬂﬁaﬂFﬁ3ﬁﬁgévﬁnmﬁﬁ%f%?ﬁmF aplant cel l
EEpquLn?_on tf@mﬂah@wamnmgﬂﬁxpmqﬂsp?ﬁmdﬁﬁmg?dmnhbgmmmgFMﬁmgpgaﬁmdbe
constitutive, tissue- or age-specific; or inducible. For exapple,
strong 5 constiURHTAETRRpRLREE, ROT Paseiin ohe aRmsL Y ERRE CRPPRILH. CaM/
35S, Rubi scO S§ih the @hmbhdE Mool sAEBGHLRESy reMoSE frérh SRUSMSBPEEd the LzPr
stage-specific_pronoters may be used. to target expression of protein of
the inventi on ¥astipapyitied) Armetheddgerrodyeing amoiosigasieatibody SAPEES t 0 parti cul ar
stages in its @devel.0RREMIs whitd$rodh & the QTR 115660 15Re8bhA Gells nfa9®k- speci fi c,
| eaf -specific, flower-specific etc pronoters may be used. Seed-specific 10
pronot er s i nclrig&cehbsbisae speqnsals Hym panogulated efperimpritlapimn Wih oW, Rev.
(1997), 3y 0. AERAMLnd BRGLAGUW RS NEXATICSs0fpspeed- speci fi ¢ promoters are
napi n pronoters EP-A-0 255, 378), phaseolin pronoters, glutenine

pronot ers, hel i ant Henimmeortahredivolf produdingibe Agsts8@tibodl haynbasefsciodby er s

(\D98/ 45460) , C%ln%%l%iioﬁ'al B%o%gm&ee. "The hybridomas may be grown in culture or injeqted

intraperitoneally for formation of ascites fluid or into the blood stream of an
allogenic host or immunocompromised host. Human antibody may be prepared by in

25 vitro immunisation of human lymphocytes, followed by transformation of the
lymphocytes with Epstein-Barr virus.

For the production of both monoclonal and polyclonal antibodies, the
experimental animal is suitably a goat, rabbit, rat or mouse. If desired, the
immunogen may be administered as a conjugate in which the immunogen is coupled,

30 for example via a side chain of one of the amino acid residues, to a suitable carrier.
The carrier molecule is typically a physiologically acceptable carrier. The antibody

obtained may be isolated and, if desired, purified.



(WD98/ 4546 1) and ATS1 and ATS3 pronoters (PCT/US98/06798). 15 The cell may
be in any form For exanple, it may be an isolated cell, e.g. a

pr ot opl aswp 2003/i08273ay be part of a plant tissue, e.g. aPcaldRee)3/@e458 ti ssue
excised froma plant, or it may be part of a whole plant. The cell may be
of any type (e.g. of any type of plant part). For exanple, an

undi fferentiated cell, such as a callus cell; or a differentiated cel |,
such as a cell of é'"h?}bp]e'mﬂdn@ﬁde iagend poetyio ot agtibbdyeef the ippmgon, staysery ar 20

| eaves. Pl ant It . Ves: d | ved.in

r epr oducti on, &%ucalﬁ)le 193% UI??%CEE%?G 1§be155\91?9ﬁ gur?é’J &gﬁﬁ%ie?@?e Sﬁgrt%{e?%ubsgaggal s and

ot her flower partisial fﬁmcmmemtandty itlothe didf an n;ﬁtchllanlagnffying)mammg a

transgenic plant.ce onprising.tra rmn wWth a

ol et eot | dergFdbcish S s HhivhRBRsR o bR B i £0ane cer 1
Any suitable tdhangfionredsian m@mﬂlemhﬁwpmmtaéd dausdig 4 fidoe @Rahgofn heat the
techni ques disclosed jn Vasil V et al ote ol o 6 674 (1992)
may be used). L%hfaéer réé"é11 f@é%?sﬁwnﬂ)‘ﬂmf‘ carYﬁ’i ?%E’Pgﬁ@ ge XEE r opor at i on
of plant pr ot oph@st &ba@dlcmaé bthed e@zﬁﬁﬁmﬁaphmeﬁomdﬁeamfr&élmmnsufmys t hus
give rise to a chineric tissue or planf in whi sQmne ceIIs are transgenic

and sonme are HEEY onrpdipigtopes F“CBflstﬁérl v &bt 4b8ﬁe I3bels magbotntesteddgingel |~ may
be regener at edejoihQecniqhdsansgeni ¢ pl ant by techni ques known in the art.
These nay invol ve the .use of plant rowt h substances such as auxins,

gi berel i n& and/ or P@mﬁﬁqﬁdﬁ% ageytssppieinseanéibedies oneslb b B fuyeptyon may be

PCT/ GB2003/ 0021415.>Qbsteﬁﬁalgfﬁﬁf‘ﬁ'@d and/ %@ﬂhé@&!ﬁ@u&&nﬁﬁ@ 1§oﬁ£&§1ﬂﬁﬂ'1ﬁ whith! -
Simlarly, t echni ques such as sonatic nmbryogenesis and neristemculture
may be used. Ragethey will mer@]éﬁcmmu@sﬂ%asbfﬁ%m at keaghih, 95097 % of therd

exanpl es can 5,464, 763,
us 5, 177, 010%@9‘?}@&%%@%@9 aﬁ@%ﬁ%ﬁn °§%§35éﬁasg 4 egégaré@ éﬂ}{g 752, 5 US
4,945, 050, US »l0B6lc0is, am Brote@or28ihodys Hpidally, st)lisélqntl&]S' Beedof ®thigd 4, US
5,179, 022, US 5,565, 346 6..,US 5. 508,.468 S. 5. 5

S 564’ 705, "Us S Rg0 e Beatimignapdedn it atmigenapt Sl £

442, 174, EP 45&61;1 2 3stakiRI4 8623 purERd 5B ReEH AN itFRe 6iBthod B5he MERATA2AHKL and WO
95/ 06128. ¥ uﬁgitechnlques -one step is the formation of a call us,
i.e. a plant 194t onpri si ng expandi ng and/or dividing cells. Such

calli are a furtherrhasﬂa@ﬁﬁoncaﬂsop&dwedehamﬁggbﬂan@ﬁh@ﬁ@rﬁanmﬂv&waﬁs of plant
cell cultures and plant parts. exani pl.e,the i nventigon provides

transgeni c pl agiPresses dJER of ke 15‘51“?%“ TIH%IF‘%]P?@‘Y o0& s F‘Wgnal%@ﬁquéﬁeé Rgreins eeds,

shoots, rogfs, (e §1r¥§1at1$1ﬁ@\ﬂ€ésplé’d11@tl$d SRS anBBdy$ - PrIR%E/ tH8MamBR1 BRI &BEIiC i n
the sense that some of their cells are cells of the invention and some 15

are not. TransyeiPtblpitapeelipadiasanihomagynd iay glsa psesaid-AsBRAST dPQ8 he
invention may Q& AHRAYQPhnd/end R Hve RAR: B RN QNG BB Buse

coeliac disease (e.g. any of the gliadin proteins mentioned herein). Thus the

mammal may act as an animal model for coeliac disease.

25 The invention also provides a method of identifying a product which is
therapeutic for coeliac disease comprising administering a candidate substance to a
mammal of the invention which has, or which is susceptible to, coeliac disease and
determininé whether substance prevents or treats coeliac disease in the mammal, the
prevention or treatment of coeliac disease indicating that the substance is a

30  therapeutic product. Such a product may be used to treat or prevent coeliac disease.

The invention provides therapeutic (including prophylactic) agents or

diagnostic substances (the agents, proteins and polynucleotides of the invention).



Regenerati on procedures will typically involve the selection of transforned
cells by neans of marker genes. The regeneration step gives rise to a first
gener at i owotoeiwgeEai ¢ pl ant. The 20 invention al so proviPdeFsGBeIMALS0Of

obtai ning transgenic plants of further generations fromthis first
generation plant. These are known as progeny .transgenic plants. Progeny

pl ants of second, third, fourth, fifth, sixth and further generations nmay
be obtai ned leéf—m? gubstandes gt f@}@h‘éﬁ%&fbwmlqahﬁiggmﬁﬁﬂ@opbﬁmm@/%arnwlﬁ!e?ans known
in the art. ?arm&c'éﬁudaﬂ &?&HEB Bg o PION B85ucdt, R Ef%g’?g th%béa(ﬁ'b@ i Phedd @ansgeni ¢
progeny 25 pI nt conp ~obtalning a second-generdation transgenic
progeny pl ant foropical, pﬁmmt@tals geans, mhramumwgesnbcmtapbcalﬁ,tln‘mdoculhe i nvent| on,
and optionally. obt ai nsgeni

generations front ‘ieﬁ%as de%agen%?sg Ifn(%ga%?‘% %&ﬁnoﬂéﬁgbsmtnﬁ?f?%’%eﬁlﬁg%

Progeny pl ant swithynmbehjeteodicield pﬁetrﬁhﬁ&emﬁ@ﬂlsr am’eﬁd’ele eﬁd;@pﬁopﬁﬁtee‘afthet er 30
generations by_ any. kno ech ue arti cu o n ants. may be
produced by: %r%b@ﬁe%ﬁ E@%}]G@%g}%ﬁﬂ% lyéaf“ gﬁ‘ﬂ%ﬁg’rgﬁqlﬁﬂsgem c
seed froma trﬁ@ﬁg@m&xﬂhﬁ&ta s@rild dt@soltdiEddliition sidhla® MGited Gor Thiect@®nE €Vi OUS

generation, then obtaining a transgenic progeny plant of the invention
bel ongi ng to aPFeRlagisakPats st W%%&Wlﬁ O, ﬁls?%‘éﬁ%f’?%{nsgem c seed; and/or

propagating cl onal Ihe@old FNgGaBtEcE Bl bl kRE adddx@ipl b elihehbagkRg to a 5
previ ous generation to give a transgeni c progeny plant of the i nventi on

bel ongi ng % %?p?reaA}Y@é?%ﬁha% foghe agsAdsed: ﬂ&%sw@t am% fonditiog ehide aatieshto
transgenic pl alSkttréHedt ﬂﬂ@xﬂo@é’ SMakPNstREbARGENG. ety onh%‘éeriﬂ?on%B@r ation wth
anot her conpatible pia give a transgenic gro geny plant of the

i nvention bel oim@ﬁeﬁlgaltddh@reaulrféwhgléﬂé@%\mﬁ@ nAS ag Qaﬁleua@wamtwfr sutgtaptst ai ni ng
transgenic pro fodr t he

pr ogeny pl ant {RiLBRRy b iR ARl RYE GO il SRARIE, AT B |

conbi nati on. Foi mgdetplle mgdgonal propagation and sexual propagation may be
used at di fl er ent pﬂl'e'}{nﬁesl It a8m B ?rggo% ?G@g es%egc%sbe(i rgﬁntén%e(gonl gnsgenl ¢
plant suitable for cul 1vat i on. I'CuP rep et %% crossing
wth a plant t gndrrmmetahkﬁlgd pnaamonaivhy b ekle nmdtnltmnﬁiaaea'dﬂy dreicptinos romy be

undert aken. Vi n l.s f nt and regenerating
now | prants t hEAERTURTES o bR ety prge B i i benor desrabi e
characteristics nayrﬂaeumsmlmmﬂﬁﬁdn\kaytldﬂrans&lﬁwauagi ihRenetieR Jf SreatPleai vf

ti ssues, plant seeds y suitabl e st i n.the abqgve process, to 20
i ntroduce desi ﬁlag}“@arb?fd’ﬂlﬁﬁl é%‘g’u%rrﬁééha@?‘??é‘fz mceﬁ‘ﬁg pfaﬁ%seEBPWd’é‘F’éBPP‘H’es of the

invention. z Inparticularthey may be used in a method of treating or preventing coeliac disease.

The invention also provide the agents for use in a method of manufacture of a
medicament for treating or preventing coeliac disease. Thus the invention provides a
method of preventing or treating coeliac disease comprising administering to a
human in need thereof a substance of the invention (typically a non-toxic effective

25  amount thereof).

The agent of the invention can be made using standard synthetic chemistry
techniques, such as by use of an automated synthesizer. The agent may be made ~
from a longer polypeptide e.g. a fusion protein, which polypeptide typically
comprises the sequence of the peptide. The peptide may be derived from the

30  polypeptide by for example hydrolysing the polypeptide, such as using a protease; or
by physically breaking the polypeptide. The polynucleotide of the invention can be

made using standard techniques, such as by using a synthesiser.



This may be carried out by the techni ques described herein for the

i ntroduction of polynucleotides of the invention. For exanple, further

t ransgenewormys/tee273el ect ed from t hose codi ng for ot her PoardB2003®2450
resistance traits, e.g. tolerance to: dyphosate (e.g. using an EPSP
synthase 25 gene '(e.g. EP-A-0 293, 358)30r a gl yphosate oxi doreductase (WO
92/ 000377) gene); or tolerance to fosanetin; a dihal obenzonitrile;
glufosinate, e.g. using a phosphinothiycin acetyl transferase (PAT) or

| ut am t f P-A-O 242, 236) - | .. i

o e o UBRE G G SR bbat ki SR Gurabes. . o
usi ng an ALS gevigprisifl seqeeces whidkcsn sdakhamagaits | uor f en or 30 oxyfl uorfen,
e.g. using a protopgrphyrpgen oxi dase gene): an oxadi azol e such as

oxadi azon; a cycli gﬁ}erﬁe%BP@GBWeé?nmy&gﬁﬁ%h%ﬁﬁi ?ﬁ"ﬁés %W@rﬂﬂa ERAEFEPYE such as
TNP, or a phemefyodl&lofdus gadchamihespadiad RGUR dnb @he@fwildih2RPR/eAERés3

PCT/ GB2003/ 002450, 38 Siml arly, genes for beneficial properties other than
her bi ci de tol egléﬁ%@ el s 39 ofﬂlp,gg%{h%gr@?elrp@;eng%gﬁﬁp@n %Wéglgfgﬁ?dlp%sect

resi stance maywhg ahddoRAWE BhnolbSL BIYEY A0 8sm&ReRd Hegifasidy at%ﬁiadin
thuringiensis (Bt) toxins. Likew se, genes for disease resistance nmay be

i ntroduced, e.#ay gase prelipodipegserp hugrns\iosrdlgnpgbe of whowi Bairs, patsgypr ot ei n of
the invention L& 6XRYEEHEMe, sbhafuk RBgaPlantN@yhith§Md &N fﬁas'eo%pcg, g on the
pronot er used, Thi ﬁkpr es<i o }ra’y be const i ulti?}etioérg nduci e.ﬂl
Similarly, 9t geyssechiasgsiigumoipeln, aglenisyre of Mproco¢eum. directed towards a
particul ar plant tq 3 i i i n) or
stage in plant deveTl%ﬁ)lﬂnzglﬁ%aﬁr}l]ﬁgﬁ‘(eﬁgéénn@ifw@%&gy é%é%&g@g%gg&ﬂﬁepﬁ%d%\? %‘?

obt ai ni ng cr optype glihdot Sudinas 2y dizhe/gdstling gientondd bpeinoviadhl ngaypraoeessliacy |
further, transgeni | ant.s. of. the. invention. By .cro roduct .is .meant any
usef ul productglg%lt%éi (%aqtr)lf}g%%cggﬂ’%san%géxc%e Sb% gﬁﬁ%}nﬁﬂﬁf“é’{j‘ﬁlg g S‘?qllulg Ceg%aﬁf%ﬁbr? mut ant

gl i adi n pr ot ei rsognisepbpt &icaB titah@togniapthe sgent. 1Hhus éghrewitdtypaphhl @ll@did act i ng
as an ant ag%)ni st. The 'n\é?né.i Qn ﬁr ovi.des .a rdq[duct t hat c‘ogﬁ)ri ses .t he nut ant
gliadin prot ei FPEHFUBAGIATR FRAMY PH5PFLLeIIR GIrAt & et BrsYM | ng as
an ant agoni st . oflfitisa lSadirt otb Cldhke/thel ehind@eidfseehdIof GRIENAdIS €0 Bheibho Parts from
pl ants nentioned herein \/\1}@ ex%,es; such proteins. Such a product may be
obt ai nabl e di r BB ALY $SHAFETRITGYBICABODY Bifopgse FrRfessipg thespiiestof Hy and
further procesgivggiohjie plant of the invention. Directly obtainable
products include grains. Alternatively, such a product may be obtainable
indirectly, by harvEstsadedaes Pupemele Winssyeng mutatousipiods 2.6f orpraIott s

obt ai nabl € ,by ,if Y e E11RINEESTh BY o8l Gorl dx Qb1 \ &t dinbhl iR 1 C
bever ages; 2f oo%l prc;du%fsn%gde frc_?m’d?ré(ct ;qlrg%?%ﬁée%ng?c%r?ﬁgr processed
mat eri al , e. g. ploaktsd regrooslu Sueh Petagonsispebainy 245 thedys of tengthfolf owtatioy pi cal | y

such food pr Od&'igélésed\i\(&ieﬁﬂe%r, fh feﬁgglﬁol 1%8111%10%&95 p‘%t&‘ﬁ?)t I’Il?lla fhutations can be

introduced in a directed manner (e.g., using site directed mutagenesis or homologous

recombination techniques) or in a random manner (e.g. using a mutagen, and then
25 typically selecting for mutagenised cells which no longer express the gliadin (or a
gliadin sequence which causes coeliac disease)).

In the case of plants or plant cells that express a protein that comprises a
sequence able to act as an antagonist such a plant or plant cell may express a wild-
type gliadin protein (e.g. one which causes coeliac disease). Preferably though the

30  presence of the antagonist sequence will cause reduced coeliac- disease symptoms
(such as no symptoms) in an individual who ingests a food comprising protein from

the plant or plant cell.



(i.e. non-toxic and of nutrient value) by human individuals. In the case of
food products that conprise the protein which conprises an antagoni st
sequence wbeoéwwd279r oduct may al so conprise w |l d-type gPCadiB003NOR450
preferably the antagonist is able to cause'a reduction (e.g. conpletely) in
the coeliac 30 disease synptons after sugh food is ingested. The invention
is illustrated by the following nonlimting Exanples: Exanple 1 WO

2003/ 104273 PCT/ GBZDQ%@BQA&@MG 3Bick\s peaskeditiie doowhiclephd eipsforrigiiniythen Coel i ac
di sease by usi a of 5 synt hetic 15- des that span .t he

conpl ete sequeﬂ%@ B]? wifl $elﬁll3‘ia£1y 8%%&8?@?9%8@;% GQEF’E’ﬁSﬁng Rn?ﬁt"iné&]a in (see
Table 1). A-G peginthsRht dBDepeidEn2dnsBe pAdindfdipbisiontdeart Ste Eﬂ\g&ﬂo&rt TG to

generate products that mght mmc those_produced in.vivo3. also 5
sought to st udPaChRfdogiutiiesunis opargeenpeiarnd/peinguitle. BT examale. strpgn of

d' sease rel ?—pscﬁ)ngt?fum%veglbl@ss%}ﬁn pASRICH lge' (Elﬂalﬁelaeb;lthecﬂé ERRB/ 35DREBLLIGy

"exhaustion" may have occurred, as described in experlnental |nfect|ous
and aut oi muneordigespaamotess; Asedissuermeqifip datenpesEdirometerf awly|be nesdpons es

with 3 and 10 tg%/rﬁp[ ek ssﬁﬁadf lpl%g%?of tﬂr@m%htf?m% ﬂa?ttlcuﬁﬁ' Wies 15%51%%3}1 gets wi th

Coel i ac di sease | Ssion Ined by absence o serum antd - endonysi al
anti body ( EMA)plagrer m@m@nstﬁgeéelm@lvelmn@tf@dls fooeranpld seebspetifist andar d

gl ut en- cont al 00, hist 9B Bath ALY HOACHL AR Apb L tistah ot en frce

di et. Subject Jecause cers and
m | d diarr hoeaprafibers 1n¢1u®eth@kaylsscrﬂmsﬁtbyswﬂ]aecal (Blomhmmgyebdmf Bev. II})%Ihys w th

only 15 ml|d naus one in Subject 2 one
week after theéi B(razgg 25@ ?’ \é\ﬁlareexan Rat %qggtg\e‘i)ajeflﬁep OﬁneOteas %EE%PHP'IB(?HJ@E&SSed a
rel apse of Coe(HPa&- Od]SS,eZBYﬁQ phathbltn prom&eij @aiknite pichbietschaliantehinegat i ve up to

Wi bread cnetPerss DRI VaRoR by st Dy DO G ED BB AR o i i en

free diet. 20 RBEOIR/MSHPPALMESTIINNE BNSY plnlB2OPCIFE898704793)A- gl i adi n pepti des
were not found befgre or during hread challen But fromthe day after

bread withdtanal (‘D&yelpay fe @&B}f&f@ foae@m&rgnwép aysolgted Galk leegppi ng
peptides spannjfgp ﬂﬁt%l)ﬂlﬁﬂh}nb ﬁﬁép(aﬁp@s!sué’:)a gl 4 GAhedr Mshe &;&ﬁeéhemd pot ent

| FNy responses (see ure . Subj ect "1, the PBMC IFN'y response to
A-gliadin peptplag, qrémash‘eeopaﬂaafeé@ebpﬂa@t P%lce@rr@bsbapmtm@demgaﬁhxu mal on
Day 8. The dy 0 imlar to
that elici tedntggé ﬂﬂﬁoﬁ%ﬁ’%{% %eg%ls%nggfeéﬁ?lgtg?l?@’ %’%N&E?%;)’C%S%B%nses to
tTGtreated Pod;ffe@ﬂwéfr@ceﬂmsh staeqstlofa &pe foub@ irf ety B(dbe,rrooth,ashomoﬂ 3 not

102,50 WD ol SAOR0A0F 18, SRR LD ISR AL, v
t TG was al so tdueh enpaflen, ova, stamens, anthers, petals, sepals and other flower parts.

The invention provides a method of obtaining a tranégenic plant cell
comprising transforming a plant cell with a polynucleotide or vector of the invention
to give a transgenic plant cell. Any suitable transformation method may be used (in

25  the case of wheat the techniques disclosed in Vasil V et al, Biotechnology 10, 667-
674 (1992) may be used). Preferred transformation techniques include
electroporation of plant protoplasts and particle bombardment. Transformation may
thus give rise to a chimeric tissue or plant in which some cells are transgenic and
some are not.

30 The cell of the invention or thus obtained cell may be regenerated into a
transgenic plant by techniques known in the art. These may involve the use of plant

growth substances such as auxins, giberellins and/or cytokinins to stimulate the



30 i mmunogeni c set of A-gliadin peptides on Day 8, but this response was
weaker than Subject 1, was not seen on Day 4 and by Day 11 the response to
Pool 3 hawO 2déatiomi7shed and other t TG treated pools of APGTiIGRNB/Ee4H0I des
elicited stronger |IFNa WD 2003/ 104273 PCT/ GB2003/ 002450 40 responses (see
Figure Ib). The pilot study indicated that the initial T cell response in
these Coeliac disease subjects was against a single tTGtreated A-gliadin
pool of five @Wihdmé/oadidisimﬁthbaanﬁgbxyic ot Sumdatly, tecipequephehab sdmaviod. But i f

anti gen expo cont t ead.. of ree, I
res :ogns esXIto oS o?%&osgﬂneﬁ 5i a&ﬁ ?nﬁnﬁgﬁﬂﬂglé%mﬁ%g%@dl ﬂ%&?ﬁ%‘?@%ﬁ@“ﬁu?%r%meﬁope
spr Fadij ng. Coelnbaa ndthsaﬁaﬁd spapleh tan YeHbdh ih,e0kt) CIS 4459(B5 5, USH 53 &40 US
A-gliadin peptl

gluten free dlsefij 4(7§ée {i\(/)ﬁ'?‘g)g{)’é?gﬁ:SIISEPLSEEE’?’Q%é,ﬂﬁ%%ﬁgﬁbfﬁ?ée SUbJ ects on

identifiedd TGyg n@as, 651) PRI, 038®96,iUE 500,793, US3nd1 bm,m@riufzum,_ms Peptl des
corresponding to 56- Iladln

%552 and 60-75 élii_? as the sole A
conponents el i el g [lj% S ETUPBMELPd F1-60h4082YS 51588.8(7- S| sSPOT  assays
run in parallef 5§4079%F®~5155E¢ SROUsSvads s 4, bo4lﬁ3f@§ BQ0S,963, Bplukb b eat ed

peptides 12 or " I'n one subject, there were no responses to any

A-gliadin 15 ﬁp‘ﬁ%%@ égfemnﬁ ?%Pp%ﬁﬁnE]ﬂﬁ"é’e%?t5eWQ§’llloé 1nanl§é77’@t9é/06ﬂiﬁr| ng or
up to four days af tIﬁ’{nambéfu%ﬁ@EcﬁlH&\{eE g)%ggte% th@BHgﬂRE o?Q‘éﬁﬁs,qg.% 1?1% di sease

subj ects did EMA status change fr el 1 ne en neasure up to two
nmont hs aft & Wisesedooipabing prpendimBMD/ o diyadifimentls. hBeshtchli, arﬂ\mrth@gamdcv@ subj ect s

with the HLA- q’?e %k/!a Jfogr%s %r% othep%g%/s’sof g%ét ceﬁ%%%hésgag‘lgilaﬁﬁ% l es) who

had been chal | enge 0 ree fo bvvl ng a gluten
free diet for ecmmplm)m mvemtmo\md/idwtrarﬁggmcrﬁ&ﬁ@lﬂwesaralbmrxe mcﬂl&hngegatl ve
control to any_ of t he A IadkaSIFe tides t reat ment.

Thus, inducti oeﬁn ot ?—JRF/S 0 StnP %t Srt%rrét 263"35 %hgwerr%ﬂ IS? T n

pepti des 56- 7Qae(chih)eranﬁltlﬁ@exﬁSth(aﬂs’.b)ne\wtlmerelH dracelldbfthaswestiprand sand 7/ 8 VS.

0/ 4, p<0. 01 Chi - squar ed . ana 25 Fi ne of the m

A oli adn P odir Ty TTapene RS peead b poud mEBRE ol ettt ons of
A-gliadin 56- 7c5aﬁ§3liﬁtﬂéﬁldntsbé'lﬂésnﬁdﬂﬁor&ﬂmi&eﬁpre peptide sequence QPQLP (SEQ ID
NGO 9) was essential_for antigeni th nal| of the five Coeliac disease

subj ects assessed ESEFCRtigyPROCegres FolY PRp!ve Beperdes of Brrsiraned eat ed

pepti des spanruengb}tﬁbﬁlsgpﬁlgrkgleﬁggsnce beginning wwth the 7-mer PQPQLPY ( SEQ
ID NO 4) and increasing in length, indicated that the tTGtreated 17-ner

QLQPFPQPQLPYPQPQS (IBEGZmrafon 5P S{vas Bicita difinst genertipn Wsgaiaplags Ihg
PCT/ GB2003{{002430i0n also provides methods of obtaining transgenic plants of further generations
from this first generation plant. These are known as progeny transgenic plants.

Progeny plants of second, third, fourth, fifth, sixth and further generations may be
obtained from the first generation transgenic plant by any means known in the art.
Thus, the invention provides a method of obtaining a transgenic progeny
25 plant comprising obtaining a second-generation transgenic progeny plant from a
first-generation transgenic plant of the invention, and optionally obtaining transgenic
plants of one or more further generations from the second-generation progeny plant
thus obtained.
Progeny plants may be produced from their predecessors of earlier

30  generations by any known technique. In particular, progeny plants may be produced
by:



41 possessed optimal activity in the IFNy ELI SPOT (see Figure 4).

Deam dation of Q65 by tTG generates the i munodom nant T cell epitope in A-
gl i adi n 5WHRLh@G/mmzBysi s denonstrated that t TG treat nent Pefi/GB2g03/@dia 56- 75
generated a single product that eluted marginally later than the parent
peptide. Am no acid sequencing indicateg that out of the six glutamne (Q
resi dues contained in A- gliadin 56-75, @5 was preferentially deam dat ed
by t TG (see Fi gur e objainiB} a@aisgepictsped fodm p phsigass pleuraf dspuvediiombedangger i al
expansions fr the.caqr - gl i.ad] -6 Q0 _sequence in i ch gl.utamate (E)
repl aced @65, Ot\ro/?/ﬁ? ?%ac&? ge?ﬁgkttg%%éﬁéré%‘éﬁ%nés ?n:?cggggen&/ip laﬁt % E 319 1

t TG treat nent Hebmgingitgunev daeratiReby growirentp thd rdgenadedd@l/ey E t oget her or

al one, with E65 did not enhan ntigenici f.the. 17-nmer. in the three
Coel i ac di sease su@f@&?@lngtcﬁ’&}%@aaaf@éénf—cipgﬂ‘& éf%? v ?ngﬂan@?gz{g\ﬁere :
investigated Hedausenghtitnadgivee thegtdep®ebslplanetthbinveitiohbaendifg @l i adi n
peptides are not 15 deam dated by tTGin vitro (W Vader et al, Proceedi ngs
8th I nternati dh2i™ 2nePHNL 8P Coel i ac Di sease). Therefore, the

i mmunodom nant T cekdssi@ph Fapgensasion efsbatdpias RHIRRRLREIRNRERER 4 SEQ | D

NG 2). Immunodominant T cell _epitope response is DQ2-restricted and CD4
dependent 20 HpVipwiEcrgaimaEthAnedsompy;iepiont tngivs 2 \igugenis BrogsyAlemd

al *0501, (31 *&2&%@%b@&%@n@_ﬁh@@gbm@a{oh%@mpmlﬁﬁ ed the ELISPOT | FN7
response to tTGtreated A-gliadin 56-75, but anti- and -DR antibody did
not (see FiQure 7) .obtamypg traoseenigigogsay plaepel onggnarecfupcs gentegiiont frem of PBMC
fromtwo Coel igg Iq,'g Si4t Ry Phigiate | ndi cated the I'FNy response to

t TG treated A—gIFa in'56-751s CO4 T cell- 25 nediated. Discussion 1In this
study we descri be dhesettprbniquesmpivebediset innyy eombinpsion.cherlekemple dmizhg st andar d

white bread t erﬁ!a'ggﬁ a%dtséﬁgl?dﬁzjﬂgat%%%é%telug& a?]:iif I g Jc%ix%grlltasprg%ssg%% pher al

30 bl ood of I sease cts responsive reate -gliadin
17-mer with tdiesssietrentasgQULREPORELP YRQR{HSa{BEQ bt 2Epdtities batlte s
57-73). Th i mune r.espon to A-gliadi.n. 56-75 >EQ5) s restricted to
Che Chel i b di TOREE (iS00S Rrb Ry Ha AR B 05 B Tt ubeRt ed
allele, DQ al “GHeisked1F@RBAstepkios Budving@elftdth aplantme rapehdrathgindw Vi tro

sel ectively deqm’ d teg I%ISS. IlEl ibci t ed g@ri pheral blood | FNg responses to
synthetic A-glBt ReGEPERRYLSRE PR Yybsti t ution Q ->E65 i s equival ent to
t TG treated Q65 A-ghd, adiher @epiblc@Siaclaits Sl Bolnkbeucd® b RarkBrinalgdhdrore T

cells in the IFNg 5 ELI SPOT t han unnodi fied Q65 A-%Ilia I n peptides.
cells, plant tissues, plants or seeds, at any suitable stage in the above process, to

20  introduce desirable coding sequences ofher than the polynucleotides of the invention.
This may be carried out by the techniques described herein for the introduction of
polynucleotides of the invention.

For éxample, further transgenes may be selected from those coding for other
herbicide resistance traits, e.g. tolerance to: Glyphosate (e.g. using an EPSP synthase

25 gene (e.g. EP-A-0 293,358) or a glyphosate oxidoreductase (WO 92/000377) gene);
or tolerance to fosameﬁn; a dihalobenzonitrile; glufosinate, e.g. using a
phosphinothrycin acetyl transferase (PAT) or glutamine synthase gene (cf. EP-A-0
242,236); asulam, e.g. using a dihydropteroate synthase gene (EP-A-0 369,367); or a
sulphonylurea, e.g. using an ALS gene); diphenyl ethers such as acifluorfen or

30  oxyfluorfen, e.g. using a protoporphyrogen oxidase gene); an oxadiazole such as
oxadiazon; a cyciic imide such as chlorophthalim; a phenyl pyrazole such as TNP, or

a phenopylate or carbamate analogue thereof.



W have deliberately defined this Coeliac disease-specific T cell epitope
using in vivo antigen chall enge and short-termex vivo i mune assays to
avoi d t hewoposxiohtBi ty of mnet hodol ogi cal artifacts that peayGRRo@M02450t h t he
use of T cell clones in epitope mapping. Qur findings indicate that

peri pheral blood T cell responses to 10 gngestion of gluten are rapid but
short-lived and can be utilized for epitope mapping. |In vivo antigen

chal | enge has al so Sitnolary,tghessdor bsnefictabpropertiés dihee than hbrpicafe tolaanceemay esponses

to A-gliadin pggltnitrgguscéd.'%—ogtlei ady I:] 652351703inrsrocqi fsi g b ayt -E:Ci:’ nc?u 2 11 It Licits the
strongest | FNg F 6SBONES FCheBBINS BTIFS 1oF oLt &ioUhne B 1o 8y &%Ponse to
appear. Becausgemeeivatiag &ssHsba igudnyis (EptokihesLkpaigigagsAorglideasdi n, there
may be 15 other epitopes i.n of her gliadjps of_equ reater inportance
in the pat hogeﬁé@@gcedgaysl@d@ﬁd&&?d’ 8?-@@5&%%%&@ fﬂ/ﬂgg@@&g] de sequence at
the core ofsthe epiTymally,n Rotghiofthe invehiiatis Weprdtgatan b pRt dfthedvR@BRLPY ( SEQ
ID NGO 4) is shared by several ot he({ gliadins (Sw ssProt and Trenbl

accessi on nunbBFRSNIBE 984k Presaaieised, iy spiessipnmay be congiyiger idgeiblsy  Po4724,
P18573) . Howevgimilafly Gt mdflbdtiRePbt d8%-shbakic, NaVBredBd RivaMs @patikuBegintshown to
possess bioactivity in biopsy challenge and in vivo studies (for exanple:
31-43, 44-55, Hitye é@@l pppy af Be fysyesrpentienqddictein) pRgjageds plansdeselppmeBNC

fol lowing three daynfyieasishald s0fgsibadRebi afitheeap st pets. These
peptides may be "secondary". cell epitopes that arise wth spreadi ng of
t he i mmune !¢ espuresting, 284 entiwnplyeproceTyieg fufthesciransgeniT ndastd of thedopmiion. By of
substitutions | i i L1 of substituting
the gl utamate %I{tap B%?Iu%til%ﬁk‘%g8%2@%2&@5}{@@%%?%% %@?ﬁ%‘%ﬁﬁ%pe was ‘det er m ned
by neasuring peripheral blood responses against the substituted epitopes
in an | FNy ELI SPOT assay using synthetic peptides (at 50 30 g/m). The
responses were neasured in 3 Coeliac disease subjects 6 days after

comenci ng gl uPenluciahiteng@in dusini gieslibpadndai prgteénreha cdapsise Results are
shown in table 3 and Fiqur . .As can be,seen substitution of the

gl ut amat e t‘g hfeélPF‘bﬁeﬁ&Patgb”%Gggﬁb%‘zﬂfg“%? GB2003/ 002450 43 tyrosine,
tryptophan, |ysine,Tieriftentiéh @bviadsQipaéduet thiticobhbaies theanftas pRASEpoRazE

magni tude was | ess than 10% of the nagnj.tude of the response to the

i mrunodoi ni nant™ BRPIGRA COmpFes Y&y _E‘WF‘? AR At PREREOHHi BihiSsi ti on coul d
be used to pr@/ﬁiéﬁl%r @rivbid 6t o8 bdr@fise pMhilgaris B GBnR maRSRAtherein which

i nmunor eactivity. Exanpl e 3 Testing the inzmunoreactivity of equival ent
peptides from BPERSE SYSAPIATENS. yWusle & DA gray §E phiginpide dimstly hnbarvestag el vity of

equi val ent ,pephiidesty 18 Rk and AlrEAdbYesAREHME f)iaﬂlgof the invention. Directly

obtainable products include grains. Alternatively, such a product may be obtainable

indirectly, by harvesting and further processing. Examples of products obtainable by
further processing are flour or distilled alcoholic beverages; food products made '
from directly obtained or further processed material, e.g. baked products (e.g. bread)

25 made from flour. Typically such food products, which are ingestible and digestible
(i.e. non-toxic and of nutrient value) by human individuals.

In the case of food products that comprise the protein which comprises an
antagonistlsequence the food product may also comprise wild-type gliadin, but-
preferably the antagonist is able to cause a reduction (e.g. completely) in the coeliac

30 disease symptoms after such food is ingested.
The inventiQn is illustrated by the following nonlimiting Examples:

Example 1



10 wheat gliadins was assessed using synthetic peptides corresponding to
the naturally occurring sequences which were then treated with

t ransgl utwoine®4273hese peptides were tested in an ELI SPOGB0Y(we49ane
manner and with PBMCs fromthe sane subjects as described in Exanple 2. At
| east five of the peptides show imunorgactivity conparable to the
A-gliadin 57-73 E65 peptide (after 15 transgl utam nase treatnent)

i ndi cati ng t hat ot e czgﬁéch@litnpimp@nmppisg inrCostieadiseasecbyalssig a sbtidflly t o i nduce

this Coeliac d| S ase eci i.mune .r es e (Tabl e Fi

Vbt hode. bo_subierel >Bef et TS ok PRRME ook o e Br e L | i
in Oxf f)r d, IUIm glﬁdm nggflﬁmh(s&a‘obzllbleaq ALCSI;@&I&Epepa&l sd\tea@nmmfﬂvﬂtﬂallyh&abam 3 of
typi cal sma lnt stina i stolo nar i zation, of sy s an

smal | intestinilt 1%%?"&%?5?%19‘%“@&%&%% 1t IPUE, Feel?méu’z"S‘P*ﬁVé‘é"ue e)f% °ng: Tissue
typing was peroapiraesiv (D&h%s&&ﬁﬁaﬁ@ﬁt@ﬁittﬁéﬁﬁﬁt@iﬁmﬁ@ﬂbf&i%%ﬁ &do

peri pheral blood, HLA- genot&l{pl ng _was performed by CR usi ng

sequence- speci FP#l e P‘P?é’ibﬂ’ﬂﬁ Q’éfse@l ape Apieddingn 96 NS RHHOm TIPIBES o HuEeds 25 EMA wer e

detected by ingdiaeh 1139(phmm9fnllfb@iro%sﬁﬁr&ﬁﬁnﬁﬁhﬁwm&%e'sent serumdiluted 1:5
wi t h nonkey oesophagus, foll owed by FI TC-conjugated goat anti-human | gA.

| gA was quantitated prior to none of the subjects were IgA deficient.

V0 2003/ 104273RETHGRIA0M:0 34659% J“%ﬂ%&%b%ﬁw%‘%}uﬁ Oy SRl Sease

subjects followmng a g i ed onsuned 4
gl ut en- cont@i ni ng lineavdot(sa@g/tsw0|sclaect8mtm§bﬂmyﬂgea‘sstnanmasldn,\mﬁn@ byandwi ch

bread") daily ed t gand up to
two 5 nonths a%bgélcggg%ﬁe&%%ﬁﬁgﬁb %r ead)dgﬁé]]%?\é 8 ﬁﬁeel\?%%}a?& {%cts who had
followed a ¢l ﬁwueshcésnﬁ‘estadﬁzed glfutm cbmummg/e*ém braaddsllyrmdddm@lm thesrumbaldi et
i ncluding four .sli ces of | ut.en- cQ t.hree d t hen

[ s
returned to gl %ﬂtgﬂ FUEL G eCtflocrease re? @ E%Cflgse of gl?%gs}%aﬁ PHY r?%alg?{é | L- 10
ELI SPOT. PBMC mreilddiepaee aitdr tiaen &Qs, baOSubljecol cottinoadstob] (odagls Bith only

FlcoII-Hypatle ensity centrif jopn. After .three. hes, PB re
esuspentod . | HIBHBPASTRARIC JOREMPirgs bk STHEL Cioated Horin ap

serum ELI SPOTyreas@aiéngh,andisiting e ekl hssaana edusa RfaptddfiCoanst dideasel0 vver e
performed using conmmercial kits (Mbtech; Stockhol m_ Sweden) vvlth 96- wel |

pl ates (MAI P- SPugn Sppipgtil piiyie, relazsm@er&g@m upimivorRerheaivybea ¢allenge. In

nmanuf act urers jJgbupiets Qy'ﬁﬁ)tc(tﬁssth&{%??‘éafe@%th@r@a@\@ﬁﬁfeﬁée e vataxdido (I FNy) or
0.4-1x105 (I1L-10) PBMC i'n each we Peptides were assessed in duplicate

wel I's, and My c®yaetearetymingieelutegiisedist. purifi ed protein
20 PBMC responses in IFNy ELISPOT assays to A-gliadin peptides were not

found before or during bread challenge. But from the day after bread withdrawal
(Day.4) in Subject 1 a single pool of 5 overlapping peptides spanning A-gliadin 51-
85 (Pool 3) treated with tTG showed potent IFNy responses (see Figure 1a). In
Subject 1,‘the PBMC IFNy response to A-gliadin peptide remained targeted to Pool 3
25  alone and was maximal on Day 8. The dynamics and magnitude of the response to
Pool 3 was similar to that elicited by a-chymotrypsin digested gliadin. PBMC JFNy
responses to tTG-treated Pool 3 were consistently 5 to 12-fold greater than Pool 3 not
treated with tTG, and responses to a-chymotrypsin digested gliadin were 3 to 10-fold
- greater if treated with tTG. In Subject 2, Pool 3 treated with tTG was also the only
30  immunogenic set of A-gliadin peptides on Day 8, but this response was weaker than
Subject 1, was not seen on Day 4 and by Day 11 the response to Pool 3 had
diminished and other tTG-treated pools of A-gliadin peptides elicited stronger I[FNa



derivative (PPD RT49) (Serum Institute; Copenhagen, Denmark) (20 .tg/m)
was included as a positive control in all assays. 20 Peptides: Synthetic
pepti des worzeopwiziased from Research Genetics (Hunt svi [PIC#/GB2AbXvasma)
Mass- spectroscopy and HPLC verified peptides' authenticity and >70%
purity. Digestion of gliadin (Sigm;, G 33y5) (100 ng/m) with
a-chynotrypsin (Sigm; C 3142) 200:1 (ww was perfornmed at room

t enper at ur e i nreGpdnsdd (2% MEMHOO8 with 2M urea and was halted after 24 h by

heating to 98C for 10 mnutes. .. After centrjftigation .13, 000g, 1.0
mnutes), the gli ad?]he Pﬁ"g%%@ lgﬁﬁaé?&rltg?téﬁe[mw&{s{‘ Pyt ’te@?@ses‘gélﬁfq ‘9‘}‘%60 (0.2 nin).
Di gestion of glisadé ubyes wehgdihsedsibyle S%ﬁ&éangmddiﬁFsél%&‘ five pRAESAMAAt | ONn
assessed. a-Chynotr ‘PSi n- di geste Iib din (640 ,g/m) and synthetic

o1t adi - pept i ME® CHEbBREue Bpegpl bhHoBYE piiae Sxroor s eRy e b

i ndi vi dual |y 3@ntdapeibaehdwirtiied, TCell BkgiBes td o@S98)lidBRp&hilkdaphdhr PBS + CaCl2 1
MMfor 2 h at 37C.° Peptides and peptide pools were aliquotted into sterile

96-wel | pl at esCANHeat Bitleepitops P3BAINEt - 20C unti| use. WD 2003/ 104273

PCT/ GB2003/ 002450 45 Anmino aci d sequenci ng of peptides: Reverse phase HPLC
was used to purify the peptide resulting fromtTG treatnment of A-gliadin
56-75. A si ngl Eogiias diseesewaesiic Ifdrg infucsian And GsiugitedcA-gthdinnrertiveso aci d

sequenci ng (aut omat gd;s USRS E6lriae st?;ifsg‘ ulﬁﬂ%léj_x%utg edhielle, FoS!er

Gty, California). The sequence of unnoc was confirmed as:

L QL QPFPQPQLPYPTROSPRbesEchallengridprshiee dayd idemiified T Getteatdd GEBideSinkasl 3,dent i fi ed
as: LQLQPFPQP Y. f 0N 1 C hdati-on.of . gl bt anyl, resi dues
was defined as&f%lg%i%hﬁﬁrf g)%E‘rgr?ebsl H%$ 06(?1%1% t@grrswg't[)@a(%r)cejdgg\?gpggl3%>9<Sptlrﬂ%§%méé as a

per cent - of t hegledimdomednentoainiting {FN fivra RBIVEC GedFige §). UiLaroeildSP@Tover ed i n
cycles 2, 4, 8 i d.s enci nciidati on

10, 15 an 7 : 1 o _a u
attributable t%ss%)plséLIQ/\gléj arcfg?li]t% YatsEE 2 e%ﬁwa’“g?? %ﬁ%%’f’fﬁqgﬁ%gg%ﬁ the tTG
treated pepti dpeptidés IRemrtB dat dnenubject tthee waicmedFedrepgpbdsdeiny/ A-ghfn - %
deami dation_ in fhe untreated.peptide). .. and HLA O ass |
Restriction’ Aﬂﬁpﬁlgw“"@ynﬁ) S—“@:%B“&%ﬁ%@%%‘i‘r@g 18P Fe%ﬂ%‘%é’iﬁ/‘%f‘él , Cslo,
Norway) were wesheshaflege. td 0o oMihédd (RBMC didagdR sibjeHbEL BHIA WaihicBBMC i n
conpl ete RPM gont ai ni ng, 10% heat _i nactivated human AB serum (5x106

cel I's/m) for Bemppselineehgrmeasered f5g4p o tomeonthsbioelyeadsshalienge. ragnet  and

cell's remaining couwtad. fronlfowt ML AVEd Assitibd subfshs Wittt RIDd Mgudsnmune
response to tTGtreated A-gliadin 56-75 was established by incubating PBMC
(5x106 cel | s/ n§) 0591 il t20h fages 14K Brierpales) $)ho hadien plmlenged dor-tippe d&v2. 21)

monocl onal ,ant izvﬁﬁ’g}egéaﬁe]@ollog/iﬁge)gl@%n OO GIRR A, Shdvd n8'?ﬁ\1§‘°“r prior to
the addition of peptide.

responses above the negative control to any of the A-gliadin peptides with or without
tTG treatment. Thus, induction of IFNy in PBMC to tTG-treated Pool 3 and A-
gliadin peptides 56-70 (12) and 60-75 (13) were Coeliac disease speciﬁc.(7/ 8 vs. 0/4,
p<0.01 by Chi-squared analysis).
25
~ Fine mapping of the minimal A—glz'adfn T cell epitope
tTG-treated peptides representing truncations of A-gliadin 56-75 revealed
that the same core peptide sequence QPQLP (SEQ ID NO:9) was essential for
antigenicity in all of the five Coeliac disease subjects assessed (see Figure 3). PBMC
30 IFNy responses to tTG-treated peptides spaﬁning this core sequence beginning with
the 7-mer PQPQLPY (SEQ ID NO:4) and increasing in length, indicated that the
tTG-treated 17-mer QLQPFPQPQLPYPQPQS (SEQ ID NO:10) (A-gliadin 57-73)



Exanpl e 4 Mucosal integrin expression by gliadin -specific peripheral blood
| ynphocytes 25 Interaction between endothelial and | ynphocyte adressins
facilitatwe 2aemomzy3 of organ-specific | ynphocytes. Many PEUATGESII®2480e
known. The heterodimer a4(37 is specific for lamna propria gut and ot her
mucosal |ynphocytes, and aE(37 is specific and intra-epithelial

| ynphocytes in the gut and skin. Approximtely 30% of peripheral blood CD4
T cel |l s expr esposaebfRoptimal astivitypindleulrdly ELESHEET (see Figandg).t to a 30 nucosal
site, while 5% of peripheral blood T cells express cE(37. | mmunomagnetic
beads coated with antibody specific for a E or 0 7 deplete PBMC of cells
expressing cEPZamtatdn( QA b (BAfR ratds efspemtuhddhynant N cEbepfopeaii4on wi th

ELI Spot assay, V\Q 2003/ 104273 PCT/ GB2003/ 002450 46 i mmunonagneti ¢ bead
depl etion al I Heterm nation of gliadin-specific T cell addressin

expressi on §hat mayHPIO® Btalfsis dehheﬁseraﬁe&kﬁaﬁtmuaﬁﬁéxﬁGf}\%hadﬁE@ﬂ§ alnepdisd ace.
I nterestingly, glaten chal | enge in vivo is associated with rapid influx of

CD4 T cells tdSEHe Podustthat ppd mepgivelly dxpribanihe parend peniide: AREC2ckDi t hel i al

sites), where Q¥fincR%dicaedTRAGEIreR o %th&%ﬁw% § BdidudsTOMAREPENET | ¢ beads
were prepared and used to deplete PBMC from coeliac subjects on day 6 or 7

after commenci a8 ¥ailp §60 fNéﬁPI@f?éﬁnF@Wg@amFdA@Q by 4Haspe FigugeoRivretivityd a E

beads depl et ed X BBdsBhdi O/%é}fl Sheh icke J3 7 beads
depl eted al | -J%ﬁgﬁ%o& ti \fg Cﬁ%q 3 % Sdn\é%@ﬁ%g&ﬁg%ﬁdm\ggﬁﬁg 10 CD4- or

(3 7-beads 0 buteqwmce m&hw}oglmﬁm@e@b@ﬂgced | Watrsivelesijo Hissemé peptides
i nterferon ca e P | i shed by
aﬁﬂ%q{% L@Q%G th It@t Q ('s?e r@%ﬁb$eﬁ e%ﬂp eCI P?Z %’2%

CD4 depl etion consi st ent egrin- ead
depl eti on. Thu’f@gﬁhfglora]dnm vath-Ep3 d@%@lﬁp&@iaﬁﬁigeni'cltgef the 17mn:bnuetﬂe tifr¢eer gl ut en

hal | i 437 |
Srgprf’gga”T C& “ﬁra& é‘éea‘s'é bR sﬁ?éﬁﬁ?ﬁ%élﬁ%l ét) #ﬁrx@ 72 Yvere res t $”Cef‘|m na

Epi t ope Lengt hbel@zufsv|gh1¢£3n1d@1e&dﬂeesfmlqmgdpmpmhdem glradnmﬂptt@s ar&iotam no acids in

| nab cat od That CERSAATOR g 4 Rag T A ke iR RBre) " natced |

maxi mal res pO r&}eﬁpdsimﬂ OeelinDBEdsE). Ahe@ i Ehe ifdnhBP&Imitisit TgePefilopbeaal bl ood

nononucl ear %ﬁﬁ%ﬁg@g&PEﬂQoﬂEL%%ldPag (§§&"fB Oerz)s 6 days after conmencing a

3-day gluten c

Immunodominant T cell epitope response is DQ2-restricted and CD4 dependent

20 In two Coeliac disease subjects homozygous for HLA-DQ a.1*0501,
B1*0201, anti-DQ monoclonal antibody blocked the ELISPOT IFNy response to
tTG-treated A-gliadin 56-75, but anti-DP and -DR antibody did not (see Figure 7).
Anti-CD4 and anti-CD8 magnetic bead depletion of PBMC from two Coeliac disease
silbjects indicated the IFNy response to tTG-treated A-gliadin 56-75 is CD4 T cell-

25  mediated.

Discussion
In this study we describe a rather simple dietary antigen challenge using
standard white bread to elicit a transient population of CD4 T cells in peripheral
30 blood of Coeliac disease subjects responsive to a tTG-treated A-gliadin 17-mer with
the sequence: QLQPFPQPELPYPQPQS (SEQ ID NO:2) (residues 57-73). The
immune response to A-gliadin 56-75 (Q—E65) is restricted to the Coeliac disease-



25 Peptides representing expansions formthe core sequence of the dom nant
T cell epitope in A-gliadin were assessed in the I FN ganma ELI SPOT usi ng
peri pher awo 2o00aswe27aononucl ear cells (PBMC) from coel i ac PColGBZ@3003450Nn 6
days after comencing a 3-day gluten chall'enge (n=4). Peptide 13:
A-gliadin 59-71 QE65 (13mer), peptide lp: 58-72 QE65 (15ner), ..., peptide
27. 52-78 SE65 (27mer). 30 As shown in Figure 11 expansion of the A-gliadin
57-73 QE65 secpumtz@ddﬁief?s alleﬁ@tD(zmH‘é)ﬁ@]nﬁil’wZDy Eiﬂhl&masgtmmmtssecﬁan it he

| FNgamma El i spot . 3 sgl?g 4 a(g% \{\(8 200 / 8) %ﬂ\ECT/ GBZO 3/ 002450 47
characteri se tH& STEHYLY SNG4 Aho MStelRePPRAT GITREFFH %7- 73 QE65
usi ng 17ner ﬁmbﬁﬁﬁ-gllﬁﬁﬁmtﬁesﬁwﬁh fho statiuEONQOIEES5 gt ¢adlialknbié4TE@ QE6S with
ot her DQ2-restricted T cel pes, i.n _coeliac f;(‘jigisease Se response

studi es were pEPFGIREM E]é‘idr’fbp%gé Si RRUL StERHate 8B nid ol ere TursHoiths E0eand

transgl ut arg naﬁﬁspoeaﬁe@dmﬁ@mﬁw@ss@oglraeﬁl?faﬁteheag to T cell epitopes of
gluten-specific T cell clones and |ines fromintestinal biopsies of coeliac

subj ects. 10 Respon¥ebiavedelilsmiclydefingg thes esshpediswse-wpscibe L ceheriippe r esponse t o

A-gliadin 57-73in,GEORo an??%eh cBdiieh § smﬁ'f R iPR A NORG YW Kold@) . The
studi es indicate that A—ghl adi n - (E65 is the nost podotent gliadin

peptide for i mesebiligroiatet qd@]@gtp@raﬁrfa@%fhﬁtanaymcméwa:fhswtofisr;gléylou@ung
coel i ac PBMC é?ﬁt&%r m%il eIy lﬁﬁ&h%’lﬂ&cz{téﬁﬁtﬂ: h@rﬁrllgaitﬁlﬂﬂen goﬁgé@ es 5 and

6). The second an 15 epl topes are su pt| fragnents of | ar ger
peptides i lke. ingagtipmeli glutgyary Slp@:_l% sheontellive CAdic AN ATilize0 471 it G- nlz@@u@gz The

epitope is onl vV, I I |ve as
A-gliadin 57- 7% @ ﬁg‘ifl%h%el%?gﬁ $ a?so S}q tﬁlg%t%%p%aﬁ grg%ﬂ}ﬁgfé QEGS is
nore potent thaspooiehmAJghwnpaptxded IA-gpdmcﬁﬁeB rhedifigidyl tTEmotlorded®its thBher e ar e
16 pol ynor phi spgs_of Ladin. 5 0 seguence PQLPY (SEQ
| D RIO {2) ) parmsﬁrﬁggesseq res s el 1grznb(uéletrﬁseasso tF‘%QHSFENﬁlr%SQST v %Pye?fs assessed
next. Exanple 7 CorHa:a:iswa htD\fe agstessedDMy paptifiedspghniag Arpliadin,tBer@a$bspeci fi
responses |n Oglgqr%h ra 5 bJ.ood eI ative contribut io of t.he_dom nant

| .
epi t ope, A%l i PEGPOY iR é%fladllrif? O-gf‘cﬁlé PO eRter MR fance i gqn8s1§pf adin in

coel i ac di seas@oelisc disdakd. tIh@e@h the&pepeide RgRskdat tﬁddb@&d)ﬂ'th@é}ﬁitope in A-gliadin
chynot rypsi n- d| ested glia have been traditional sed as antlgen for

devel opnent ofth "ff‘el}al"e e §dé) QUPHEEQITR N34 }Séharﬁﬁ el apspaliadins it s
possi bl & 30 t hatyikh@smdaPrahBiasessi st intRaP62868! QUAHS G158, @4@533@ I de
epitopes. | ndeQéjZP09 P04722, P04724, P18573). However, A-gliadin peptides that have
20 previously been shown to possess bioactivity in biopsy challenge and in vivo studies
. (for example: 3 1-43, 44-55, and 206-217)** did not eﬁcit IFNg responses in PBMC
following three day bread challenge in Coeliac disease subjects. These peptideé may

be “secondary” T cell epitopes that arise with spreading of the immune response.

25 Example 2
The effect on T cell recognition of substitutions in the immunodominant epitope
The effect of substituting the glutamate at position 65 in the 57-73 A-gliadin
epitopé was determined by measuring peripheral blood responses against the
substituted epitopes in an IFNy ELISPOT assay using synthetic peptides (at 50
30 ug/ml). The responses were measured in 3 Coeliac disease subjects 6 days after
commencing gluten challenge (4 slices bread daily for 3 days). Results are shown in

table 3 and Figure 8. As can be seen substitution of the glutamate to histidine,



chynotrypsin di gestion of reconbinant a9-gliadin generates the peptide
QLQPFPQPELPY (SEQ ID NO 13), that is a truncation of the optinal epitope WO
2003/ 1042w8 2pGT10@33003/ 002450 48 sequence QLQPFPQPELPYPQPE@B20GHQ24sD NO 2)
(see above). Transgl utam nase-treatnent substantially increases the
potency of chynotrypsin- digested gliadimin proliferation assays of
gliadin-specific T cell clones and |ines. Hence, transglutam nase-treated
chynot rypsi n- diygesteetlygénbauilysifet TGl dradiimpe styulBedwotesipaseawhdseleal ant i gen,
but responses i: thi 1 XL approxijmate the “total" number of
peri pheral bl olg’g%@lrﬁf%%%ff S‘etH;Sgnplé)(:/ﬁf ?f.dé@%%?g‘gﬁ‘? élfflﬁg%esl’(%%gﬁeson of responses
agai nst A- gl i athmurbdemBabiFehBomen ThtishiGutglioradi Argliadid die¢hiEpdsHpatcowls saysedi ves an
i ndi cation of the contri gqu%]iloaﬁ. of. .t his dor%nant epi tope to the overall

i mune  r espon®@ GG R FRGFhEANEE] Pl gF Lhss dnmypyeafiEily - he a measure of

epi tope spreading. 10 PBMC collected on day 6 or 7 after comrenci ng gl uten
challenge in 4_ coeliac subjects were assessed in dose response studies

usi ng chynot ryE%’P‘HP]G?’gest ed gliadin +/- tTG treatnent and conpared wth

ELI Spot respons&sint Medm@irkdbBliny FONLRI: LIrals Pl b ARGy Rebiurd 3, EED
(25ncg/m). TTG treatnment of gliadin enhanced PBMC responses in fhe

ELI Spot approxglffﬁ"f@l y 10-fold (t TG was ‘15 conparable to bl ank when assessed
al one) (see Figure - ] j j ied:. A-gliadin
5773 GBS, (25 Mol Bh) e g s e LA e ot "L o
gliadin (500 nivhvarhadingiesasressgd esingewynihpiéc peptirsnemespending tgklicadiumls7- 73 QE65

the greater propart i t I I
Rel atively li mgogeﬁhlggﬁgee%ﬁégggﬁ %{%ﬁgat?glAt?%fegda fhn@#&}grﬁ%%S Tﬁgsg%gﬁgdeess are 20
conpar abl e to WiGiglddadpmELIYPOT e theshempsner Bpl witipEBNOks éad thegsaassoci at ed

with nore evo L-.gl iadi I espons may..account for the

smal l er contri %ﬁéfa ?tgraﬁigg‘%sc%édgﬁ:Eg%%)r%g§7gt7]r§as§§%qfﬁ§e petp}(;lfi Eil O%I i adi n responses
i n peripheral imposhrdaptidiyrempamile wi telAtgiadinpi7i7o®ss ppptiadifeg may be

mai ntained_jn jndividuals with |ess strict Luten free diets. 25 Exanple
8 Dottt 1 oh oF PR L SR RS b Bt S g

pol ynor phi s Kifelyo igdicadiis'C&eTiad Ssdasadpeeiflp intgunka8fonREPitlse sndHansi ng t he
conpl ete sequence of A-gliadin 30 were assessed in order to identify the
i mmunodom nant”/sequence in coeliac disease. A-gliadin was the first fully
sequenced al pha gliadin protein and gene, but is one of approximately
30-50 related alpha gliadin proteins in wheat. Twenty five distinct WD
2003/ 104273 P@%E‘Bﬂ@osl 002450

20 Subjects: Patients used in the study attended a Coeliac Clinic in Oxford, United

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

free diet.

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

PCR using sequence-specific primer mixes®®.

Anti-endomysial antibody assay: EMA were detected by indirect

30  immunofluorescence using patient serum diluted 1:5 with monkey oeéophagus,
followed by FITC-conjugated goat anti-human IgA. IgA was quantitated prior to
EMA, none of the subjects were IgA deficient.



49 al pha-gliadin genes have been identified by searching protein data
bases, Swi ss-Prot and TREMBL describing a further 8 al pha-gliadins.

Cont ai nedwwi2oéi/re4tRese 25 al pha-gliadins, there are 16 PdirgiB20€%/002450

pol ynor phi sns of the sequence corresponding to A-gliadin 57-73 (see Table
7). 5 Synthetic peptides corresponding t@a these 16 pol ynorphisns, in an
unnodi fied form after treatnment with transglutamnase in vitro, as well as
with glutamate substituted at position 10 (equivalent to QE65 in A-gliadin
57-73) were assess sin . f } ] | I owi ng
a gluten free %‘?Zéf'f Egégéégg%%grgl %ésfe %Sgr bgTQCEJt %ﬁg%ﬁggIgglgeégiﬁeﬁ?ﬁﬁ’%#%g?gn gama
ELI Spot assay slicéd afghumt @ntbmigivedi (6Qg/ €ide, e jpshutg's “serderdodipansidict t hr ee

Cransgl it am nastett e 2o P s T FeberebORRlE MSCRR AR A0y,

Bi oacti vi t y5s WasokuTRS Setinasindotiod brédhoiage. A&ty atbgdtswitiothadfolighvieddi N 57- 73

QE65 25 ntg/m in individual subjects (nz4). e Fig.l4). Bioactivity of
"wil d-type" pepiFyEes %tsfo’éﬁﬁ%‘f’%‘%%’icaﬁ’ﬁuyg? H’@i‘élé‘éaggletlg%ﬁ?lw 'S U5 treat ment
wi th transgl utamMesRainiht BREGIM HREE MRS thenr@atnb® R gl@bn Méd dotitiRefuprgpt | des
resulted in bioactivity simlar to that of the sane peptides substituted
with gl utamat X &Ysposition 10. Bioactivities of five gl utamate-substituted
peptides (B, . C, K, L, M, were >70%that of A-gliadin 57-73 QE65 (A), but
none was significantly nore bioactive than A-gliadin 57-73 QE65. PBMC
responses to ¢Fdl andilel GEHSPOTURRM Corpropspirerbiors 50480 ed af Yeapysdheeddy 2. 5 and
250 ncg/ M wer D r 1 : : , ae DRXIC

gl ut anat e- subsltgfc'?ut g‘% qg%?%&f”ﬁ"ehgg‘?@gg’% %E)H?r ﬂ:ﬁl,éggv?ghﬁ:’ §§¥CP\)Nermeéer838pgrll%e(% as

bi oacti ve as AagbmpldicrREVIL pBa@EESL0Cedabnagivpied HemambB gerimt ELEERI At e i n

bi oactivity. At_| . Si i.adi n- | pept | j .4n

ot oncy to A gria§ gl bod bR Ny ORI ARl B YA ERl T e
Rel ati vel'y norkitsi(babteehy StoiREhqhm) waslephiien®s-wéll plaigh (MATHS37-MBliptrso exi st .
These data jndicate that transglutaninase nodif.ication of j.des from
several i Fhi Hergp. AT pseet i BehGURRRS: MRAHATH AP BRRURED 1
capabl e of geneitia2isRE’ (iFely) omurociON{hart) PBYCalchclepdll deptides werel | ac

di sease. Genetic modification of at. to.generatge .non-caeliac-toxi c wheat
may |ikely 30PSPSEfhP g“p(i]rc%tﬁwg“f” a W‘%ﬁ*‘?‘i@% it“g’ﬁmB]?’SIﬁ'HW '%Ipé‘)taf’i adi n genes.
Generation of wieatve (PPDRAUD) Qerug IngBitBSC PendEhE DephakP(20S1g04]) Rapt i des

i ncor porati ng sequences defini ngl_ al tered peptide |igand antagoni sts of
A-gliadin 57- 78clndeds aposidyarenioidn all ps§tEgy to WD 2003/ 104273

PCT/ GB20034002450 50 generate genetically nodified wheat that is

t herapeutic rather than "non-toxic" in_coeliac disease. ) :
Peptides: Synthetic peptides were purchased from Research Genetics (Huntsville,

Alabama) Mass-spectroscopy and HPLC verified peptides’ authenticity and >70%
~ purity. Digestion of gliadin (Sigma; G-3375) (100 mg/ml) with a-chymotrypsin

(Sigma; C-3142) 200:1 (w/w) was performed at room temperature in 0.1 M

25  NH4HCO; with 2M urea and was halted after 24 h by heating to 98°C for 10 minutes.
After centrifugation (13,000g, 10 minutes), the gliadin digest supernatant was filter-
sterilized (0.2 mm). Digestion of gliadin was verified by SDS-PAGE and protein
concentration assessed. a-Chymotrypsin-digested gliadin (640 pg/ml) and synthetic
gliadin peptides (15-mers: 160 pg/ml, other peptides: 0.1 mM) were individually

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

frozen at -20°C until use.



Exanple 9 5 Definition of Core Epitope Sequence: Conparison of peptides
corresponding to truncations of A-gliadin 56-75 from the N- and C-term nal
i ndi cat edwohaes/tomz3cor e sequence of the T cell epitope PET/(AELE00409l | adi n
64-68). Attenpts to define non-agonists and antagonists will focus on
variants of A-gliadin that are substituted at residues that substantially
10 contribute to its bioactivity. Peptides corresponding to A-gliadin 57-73
QE65 with alanine (Figure 15) or |lysine (Figure 16) substituted for

residues 57 to, 73 were conpared in,the | EN ga ELI SPQT usi. eri pheral
bl ood rmnonuclég?’zocaéf(ﬁfq‘(eﬁn%%f]d s g‘#ﬁs‘glgeéllefs%ga\?%kpé’éﬁsgse OB‘%‘/@%&% er
commenci ng a 3péaide ghultinnfronalG engmettvEd)-gliaQBLS6- . b dnke plodid wAs 15 gl i adi n
57-73 QE65: QLOQPFPOPELPYP SEQ ID.NO. 2)). It was_found that residues
correspondi ng 6% léllal“g&‘fb%z%f%ﬁn 8% sgas popeied e Mesel 14) )
contribute substantipliddBlogysths, sRACH),\GaliYorhif). Arhe 3bdudledf Brimd 3665
Variants of A-gliadin 57-73 QE65 substituted at positions 60- 70 are
assessed in a Z2evepeprudEatt & LRARFFBRTQLP WQPQHH (SEQADAIOGEE8d lithst i t ut ed
at 20 positi ops&0s9dl73shdiBent@iedhd: LT EPFPOPENSYBGE ' n‘zﬂgé.f 5ting
properties are_assessed. A seelcoﬁ_d grgugﬁbof@A-gl ig%?d;ﬁ?;\c_s‘%g (@ = 513);“ ant s
(substituted wPeamigntion cbghéamyhzasidren was dgradres insgmmpit{pmak ofigluiemeiept '

cysteine at pogkti Af ji £ LEd on) are
aicessed n a GookRA T bhag] B EMEALE ne g thob TR A bat Tt ut e
vari ant s ofl\- gélhtadiaie 18covF8d OREEleA.l, Baldh hS 80L 170 @EdHinsaciheqomriagsequence
of the dom nan - . i i -aldadin. tagani s d.non-,agoni st
pepti de vari anft)g;[l(l)]l¥i &iehiagmé%ia?%%e@gr@s%%%g an@é?@mlg%ﬁgrogF@%Hﬁv 1%151 fication
of this core s8fjuesatsl pepindet-i®akéamidatioglin ihelimreaitd paptRi0) (Jr6h- Tubahidhtidred at
posi tions 60- 70 Héslimq% 49 dit.fdg erent amno acids with contrasting properties
w il be as'sessec} i i T A P‘?}Nga?mra ELI SPOT .using PBMC from coeliac subjects

6 days after sCAGADICHE HiayClgbsull Restediah] RMYEDAIAT sRE0ODY costelagbtid- gl | adi n

WO 2003/ 104273, P GB20 2450, 51 57- 65 vari S, (substituted with
al | other natuP4ff {Piga §g{9?ﬁﬁrwﬂ% Hge g&fhﬂé§°"$B’§§Wlté@%iﬂi?g)m“3§atifi)si tions
61-70 were al s@itAPBRESERGomBRITRIVDERGIRlg MePhdad RS ct{valel hudkn A8 slg/ M, in
duplicate) Weréa as;se];%neg usi ng. PBMC from 8 subjects and conpared to the
unnodi fi ed peptEde EBVMD R 0dppes uice. J8wdy yrereppragied ysing ¢ guget aml | ndi cat e

that the opti ngdiscn&EaRE Eihic@N I Ao Bt AldAS TR cti6R ofJEE Runlind Bipdn@ssay i s

between 10 and 100 ncg/m . Results are expressed as nmean response.in spot
forning cells {I§stgated A-gliadin 56-75 was established by incubating PBMC (5x10” cells/ml)

20 with anti-HLA-DR (L243), -DQ (L2), and -DP (B7.21) monoclonal antibodies (10

P

png/ml) at room temperature for one hour prior to the addition of peptide.

Example 4
Mucosal integrin expression by gliadin -specific peripheral blood lymphocytes

25  Interaction between endothelial and lymphocyte adressins facilitates homing
of organ-specific lymphocytes. Many adressins are known. The heterodimer a4fy is
specific for lamina propria gut and other mucosal lymphocytes, and aEB7 is specific
and intra-epithelial lymphocytes in the gut and skin. Approximately 30% of
peripheral blood CD4 T cells express 04f7 and are presumed to be in transit to a

30 mucosal site, while 5% of peripheral blood T cells express o°py. Immunomagnetic
beads coated with antibody specific for 0. or B7 deplete PBMC of cells expressing

OLEB7 or ocEB7 and o4f, respectively. In combination with ELISpot assay,



confidence interval) as % A-G 57-73 QE65 nean response in each individual.
Unpaired t-tests will be used to conpare ELI SPOT responses of nodified
pepti des WO 200X 10427%3G 57- 73 QE65. Super-agoni sts were defPChagB2ag3/tvaasong a
greater response than A-G 57-73 QE65 at a |level of significance of p<0.01;
partial agonists as having a response l&ss than A-G 57-73 QE65 at a | evel
of significance of p<0.01, and non- agonists as being not significantly

di fferent (p>0OnGinofuagretibbeadideplotidif adlowgil¢tbrinatiop epgliadm)spe@BpTiceles wi t h

consi der ed »sultishrarShes PRt B gk SR N B hdC o2 e R oni 11 o
activity (seenkabtiegly ganeh dhaljerge én Viive 2 d3socidieé with MoadimiluEbs QPOT celssponse of

PBMC to A-gliadin 57-73 65 is highly specific at | ecul | evel .
Proli ne at CpooP R ER4ERER G grERA e TR un e ke S e ot

posi tion 66 (Lgmphoostd et@esd ah@sser extent 63, P67, Y68 and P69 20 are
particul arly sensi hi ve to nodificgation. The substitutions Y61 and Y70 both

generate super - agorniPEYEoRAFIRLSRSIY Y eE PEPaR axtsed fordrrletzd BN h &oBar ent

peptide, probaBliy sayjeenbRasi & TifRHtRmRinEBAL PR siAaRntherA® i f for this
HLA nmol ecul e indicates a preference for bulky hydrophobic resides at

positions 1 andelysis gemestaind on8erdaderiet appeoyimatedl SQieoé PesiastG4 Bd.

Bi oactivities t i ) ; :

(bi oactivity 7%37@%;@%5%13%2@?%%@%%% EB?%?@?% ig@p?e()ti"g?’?@ﬁ B e
vari ants of0 A-@P#-zmiiPn-bsais73it QpEE ey &~ 3098sorbalighed résporses invks inteafaron- gl i adi n

57-73 QE65. T r 11 clqt i : hocyt e
(PEL) T ool | Bl PASbE (FORRLE Slipk Tl Rt BURIE P LRI IR <
consi stent |y rieprogisenty effectd barmagstspellifc BEE degeteini ac subj ects, and is

hi ghly specific to Shi Lctac € 1110 i i h re ./ amno
acids. Certain si nngill 3§ g‘rél%%ﬁé??@%%é%"?% f)l?é lﬁ-ln%%?d;%feﬁ@g%ﬁ%ﬁ%%’smar e
consi stent | y noeliagishstegpicss th intelghin-obRpreeoed lamimypogpeia tC4 TNRIRG0D3/ 104273
PCT/ G82003/5002t§50 2. Exanmple 11 Antagoni st activity of substituted
variants The hOnBBEhEIFY %t the PBL T cell response to A-gliadin 57-73 QE65
in 5 HLA-DQ2+ coeliac di sease suggests that altered peptide |igands (APL)
capabl e of ar‘ﬁa%)ni smin PBMC ex vivo may exist, even though the PBL T
cel | response ¥&@WRleRey to be poly- or oligo-clonal. APL antagonists are

general 'y weakoaganirsks Epitbpefleyaiseven singl e am no aci d-substituted
variants of A-gliadin 57-7 QEG% with agonist activity 30%or |ess

have- been i denti fi &&cviig dataéestng pepbfics foahblodlraasngacidspn lepgth spanagni sts. I n
addition, gpertain wgakly bioactive naturally occurring pol ynorphi snms of

A-gliadin 57-73 QE65 have al so been identified (see below) and may be
core of the dominant T cell epitope in A-gliadin indicated that the 17mer, A-gliadin

57—73 QE65 (SEQ ID NO:2) induced maximal responses in the interferon gamma
Elispot using peripheral blood mononuclear cells (PBMC) from coeliac volunteers 6
days after commencing a 3-day gluten challenge.

25 Peptides representing expansions form the core sequence of the dominant T
cell epitope in A-gliadin were assessed in the IFN gamma ELISPOT using peripheral
blood mononuclear cells (PBMC) from coeliac volunteers in 6 days after
commencing a 3-day gluten challenge (n=4). Peptide 13: A-gliadin 59-71 QE65
(13.11161‘), peptide 15: 58-72 QE65 (15mer), ..., peptide 27: 52-78 SE65 (27mer).

30 As shown in Figure 11 expansion of the A-gliadin 57-73 QE65 sequence does °

not substantially enhance response in the IFNgamma Elispot. Subse(iuent Examples



"naturally occurring” APL antagonists. It has al so been suggested that
conpetition for binding MHC may al so ant agoni se anti gen-specific T cell

i mmune. Hyoce)3/ner3 gliadin peptides that do not i nduce PCENgRROwBRENRESOpPONSES
in coeliac PBMC after 15 gluten chall enge but are known to bind to HLA- DQR
may be capable of reducing T cell responses elicited by A-gliadin 57-73
(QE65. Two peptides that bind avidly to HLA-DQ@ are HLA class 1 a 46-60
(HLA | a) ( PRARhMECQEGRENYIBEQuIdBntai@ist 18)vity afd-dliagin oi7 ¢ 3 08766 xkida d @mért p)
632- 645Y (1 DW\, L AENFLPY (SEQ ID NO 16)). 20 Sinultaneous addition of
pepti de (509/nq ot buffer and A-gliadin 57-73 QE65 (10g/nil) in | FNgama
ELI SPOT using PBMC from coeliac volunteers 6 days after commencing 3 day
gl uten chall egg ég Results were expressed as response with peptide
plus A-G 57-7 grrean of duplicates) as % response with buffer plus

A- G 57- 73 EESCA1RAB00bf LBiddeps 1-LROES) wit Sk& DEDI&1rR)ed 2SIk ﬁwpeﬁinnm e amno
aci d-substituted variants of A-gliadin 57-73 QE65 reduce e interferon
gamma PBMC ELI%SBESE 4%¥€ffonse to A-gliadin 57-73 QE65 (p<0.01) by between

25% and 28% 13 ot ifje REPILIGUUSN WROD SIS dgtﬂégucl%lsfk%@oﬂdﬁ%ﬁanse by
bet ween 18% and 24% (p<0.06). The HLA-DQ2 bin t hyroi d peroxi dase (tp)

632- 645Y r educEEopH] an%tr@}sﬁléﬁaaﬁnag%rﬁ?@éedrr@ﬁm seespendmegp 26l apivpesrd QE65 by
30 31% (p<0. O%thén-gﬁérmffcheceﬁtcrﬁés alﬂldein%rp hﬁ'éiﬁﬁal blﬂbﬁe§$t‘%§§ha@ stbj &fs, 60, does

not alter responses (see Tables 9 and 10). peptid correspondl ng to a
transgl ut atf né%@ponmd’pﬁamémlewﬁry@prpm%mmfcem@ msamsmoa’?ghahn S 3sPr ot

accessi on no. 7, _qgéy VA 2003/ 002450 53 QE90
(PQPQPFPPELPYP %‘%‘gﬁ&%ﬁg%%bv%% eé@é%sﬁrgsgao%es to A-gliadin 57-73
QE65 by 19% (p<0. 00%B} sf(uéieeinﬁ'abﬂeéllalA}gliaﬂmﬁéf7B@Eﬁﬁ 1g@msir1;®§{nogi§idis1 of PBMC to
Lo ST LR Wb S AL el PR R S B g ot o of
of A-gliadin EBIteﬁglutaiﬁﬁalleagquwﬁgme #2adlt, @ad Paydsi Scteldkimom stea)nkilandithlnlﬁA- D2 in
five-fold excess. These flnd g, SUgge t that altereq t d&%g gnd

ant agoni st § of PROR AR RoRs e g %% gialr%etr PERYSES b e Bﬁ{’z‘a{} i; 1

ant agoni sltls bLtGDAhSW}mmmmmp&mmmEMhlafeebitdiﬁ é—&xﬁyhia@es]gi}fai@@&ﬂvvel y reduce
Db St rat egi edebBoT B YT HnEt i & 1o ST ORGSR o R HATE A g 1 act
epi tope in HLA- DQ2A-s@4lid ﬁmeE@aﬁmrelpotéa@maﬁb&@fmmnorf ceﬁB itégak @agoni sts by
substltutl ng amno acids at nore than one position (64 for use as

“traditional " (9elacidreasshdhers cBukSi ReEMORisTso A-gldi 378 @Eh’élﬁgé Srodi fi cati on
of gli adi nygengs,dnfe WHERY (SEQ ID NO:12)) amongst sequenced gliadin genes, their

bioactivity is assessed next.

Example 7
Comparison of gliadin- and A-gliadin 57-73 QEG63-specific responses in peripheral
25 blood
The relative contribution of the dominant epitope, A-gliadin 57-73 QE6S5, to
the total T cell response to gliadin in coeliac disease is a critical issue. Pepsin-
trypsin and chymotrypsin-digested gliadin have been traditionally used as antigen for
development of T cell lines and clones in coeliac disease. Ho§vever, it is possible
30  that these proteases may cleave through certain peptide epitopes. Indeed,
chymotrypsin digestion of recombinant a9-gliadin generates the peptide

QLQPFPQPELPY (SEQ ID NO:13), that is a truncation of the optimal epitope



15 2. Use of high affinity HLA-DQ2 binding peptides to conpetitively
inhibit presentation of A-gliadin 57-73 QE65 in association with HLA- DQ2.
These twoweppess®eivas nay be nutual |y conpati bl e. Super - 2¢FrGBE063/002450
.generated by replacing F61 and Q70 with tyrosine residues. It is likely

t hese super- 20 agonists resulted fromigproved binding to HLA-DQ2 rat her
t han enhanced contact wth the T cell receptor. By conbining these

nodi fi cati ons seiqtdncoQRAPFBQPELR YRQFQHESEQ MaNOg) et abeeyipdest |y ef fecti ve

APL ant agoni sts_m ght substa ance th i nhi b| effect of
Substituted A bR i sa bl aNT Setostes e ey ars oBrsBen:  of
i nterferon ganmigestd Spagit mlﬁrbngraBBﬂ/Eés@@%gmidhra@be&ﬁﬂ"-cZB clQE&nd &ingk. P04724
84-100 QE92 as_.a diagnostic for coeliac disease: Definition of inmune-

responsi venessHPHCHEARFE AP S@iPI COBT Y Resiat digested eliadip T ghadsy) may

responsi venessndt@e hlhﬁleﬂgmlgbﬂnﬁut&*s%ﬂs@scﬂgﬁhnﬁ 1€ blix i8R infa ?Qﬁpﬂoﬁma@}h? BMC
nmeasured in the interferon ELI Spot foIIowsfq en challenge in

al nost al | DQR#ORGENMAEr @@Eﬁlﬁ@ﬁéb@@‘ﬂ ]le‘?@'t%ﬁpl?%ﬁ@ of ghigflins t Gorenarigmafen free
diet (GFD)  bufosatesiaBailealiiiinDF2rs Sl S8 YEG Bl indhBeksor g a
strict GFD. A- gs@adﬁsﬁgz\‘/l\o SLUaMRCTs QY A8 LEa B i Ind B agéa{fgweqéé%
responses are #ondisgsef HisicentriputpBthef dostednt edtopertyj theowrabigfnoree gI ut en
chal | enge and V, e

measured in PB 09% tg%hrgdelg?ﬂ e eg%e gggs&d%ﬁgﬁ %‘%;‘3% g@%"sk %aépg n coel i ac
di sease iilhunune- r@@@nsﬂm@d@sﬁw @mﬁ gler adnmeﬁﬁ&g?g?tlt@Eﬁﬁllergenre%t ored
follow ng anti xcl |on | £ adl ostic est ISt

devel oped usi n%%{‘%c Su%Lfté ag%eég@a%o ere% o5 S Ch g dggeﬁtg‘lil ne the
duration of G:gmaqum ﬂéidtrdaeﬁ@nt endgjoutpenad @/in‘hlE]Lém»erespcﬁls@Ba@albb}ﬁmﬁhﬁ i nduci ng

pepti dos i n bl SHHE Rl 5 P ELR Bep coner Pl oty ereY aepBPacr i t e

fromthe 10 gashmueedPBML RegHonestipat Eempos@pwmﬁatel!?ﬁkw@omm wisepared and

tested in i nterfero LI Spot S fo bj e comenced GFD,

and at one'br %W%ﬂ@@&%g{ygw P %,Sg‘ﬁ??@ﬁiq %)g/(s@tfbgur?ﬁ %‘§th ﬁiﬁiourﬁ?‘ﬂ]ﬁ%n

chal I enge (3. Q@Mﬁct@@ﬂﬁiémmghﬁﬁm ¢§@E6§(2amhﬂ1)\eﬁultte@ré§fb beRieghgay) was
we

performed at one ks after startin re prepared and:

assayed on day 1)%5 értEOSSPf EFIG %,16‘%599 Iﬁﬁ/@i)u‘tnélﬁhe grepteribg eeneges to A-gl i adi n
57-73 QE6S (A) %11215)91457727% &6 S4A0 b dril &Bﬁes&'ﬂﬂ o?@@T@%ﬂldﬁ%p&ls@l iadin

57-73 QP65 (P6 (non-broactive variant, see above) nm) were
assessed. All but d%ﬁéatlﬁéwh}m@ﬁd@fﬁ@%@ﬁt@@éﬁr@édlpéﬂﬂérﬁl%ﬁa@pw%réone was

DB+)  (n= l>o 1) confpBMi1elh Ot Bk YindbAONRREH. $9RMJeAERaAiNR s NENE Wil FgAt ed. or

after 1 or

evolved anti-gliadin T cell responses may account for the smaller contribution of A--
gliadin 57-73 QE65 to “total” gliadin responses in peripheral blood in some
individuals. Epitope spreading may be maintained in individuals with less strictly
gluten free diets.
25
Example 8
Definition of gliadin peptides bioactive in coeliac disease: polymorphisms of A-
gliadin 57-73
Overlapping 15mer peptides spanning the complete sequence of A-gliadin
30  were assessed in order to identify the immunodominant sequence in coeliac disease.
A-gliadin was the first fully sequenced alpha gliadin protein and gene, but is one of

approximately 30-50 related alpha gliadin proteins in wheat. Twenty five distinct



20 weeks followi ng GFD did not show responses to A-gliadin 57-73 QE65 and
P04724 84-100 QE92 (al one or conbi ned) that were not significantly

di f f er entwbrosw/tokzmk or A-gliadin 57-73 QP65 (n=9) (se®CEFGR&/®3)50 G uten
chal  enge in coeliacs who had followed GFD for only one week did not
substantially enhance responses to A- gl4adin 57-73 QE65 or P04724 84-100
QE92 (al one or conbined). But gluten .25 challenge 2 weeks after conmenci ng
GFD di d i nducelplessiodis gends bavk-bgki deitificd by ?@rohﬁﬁaﬁotaimda@(b@%@&-ﬂrﬁo QE92

(al one or corrbl Lf nt re on- bi oacti ve
variant A-gliddl W%E?%@gn%a g%glfré Clgha,ﬂ%l%éﬁ% ??%%esdem r e%shﬁsoeni;ées after
gl uten chal | engghaadliadiny)@ieksaraes distncdsslgunoipaisms beme appene chvespendigzs t han

in subjects >2 h er nci ng GFD. Responses to A-gliadin 57-73 30
QE65 al one \Aer%ngﬁ‘{l??/é%kﬁ 3‘%’?‘@ eat er than responses to P04724 84-100 QE92

alone or when mi X@Qnmbﬁdbeﬁnwsb@%sﬁorﬁﬁrgﬁaﬂ%fspomﬁtﬁpmmg REarsubj ect s
experienced troubl] n% nms wth gluten chall engm’ WO 2003/.104273
‘Prﬁh%

PCT/ GB2003/ 00245wydifisg t»ﬁé@ﬁ@%’ﬂmvé@gta@a@swa auvslhaspEic after

gl uten chall eB@mnﬁt@ s&sn&lteda@pdmoﬁ 10 8 dubvalehdio s 9k ﬁcghadmekﬁ)h@é&er
comenci ng GF implyin i mrune unresponsiveness” to this domnant T

cel | epitope ms@@@ldlusmg %BMQ fremrodiag sdfqcienorap e fodlewimga ghen fiee didast one
week after staflisng 7%% %Jt&?cﬁaﬁ&ﬂglm mtelrﬂg}oﬂ%amnam N;gh ngs diGahist for
g en nt of

coel i ac di sease”usi ng ten chal ge and Tnmeasure responses to
A- gl i adi n B7- 78b<tE6& paptitdsoveRt ¢Bpotedat thzgp corceptrationantS, 25 wekldd aft er

i L o
5775 oS camgy™DpudBi bR RESERL ke b ABRE frdlad o 20

coel i acs, and ZSancginl (ynljZJEBIOBIdUﬁEWaS d;(p;rds;edgdse{itceﬁ*reaphaﬂelamgxeteémtb_rf&-at | east 2
weeks GFD (anti gglinsﬁxﬁu@ég% ’},"&T er efdg)vru%Lia Su&iec{g n_é nee(él%)s“ c test using

this rrethodol for its,
opti m zation. Thes@ibdctiditynef “arle- tmh@qﬂid&n\trasvuubdiarfnummbmmﬂ (ﬁnﬁft@joyof T

cells specific for the dom nt e din 57-73 versed by
antigen eXcl USABREY BEpyransg ﬁaémﬁarfg iﬁﬁ%‘ﬁalﬂﬁgse f"‘mk?B‘é?fVBlrd eo‘?f?ige
denonstrat ed iRsdedh Blouvanitiiaaase haesiheapRYeifiet ADs0RE lwbﬂlﬂghitatndté'lat T
S R T R R S N S

anpl e
Antigen chal | e@&@>vm1ﬂ%§m@1mg§e7sm®63 l(&) PutGRhd Fad HgRBhdpgoal bl ood. In
coeliac disease, gluten is the ant |%gn hat mai ntains this | mune-nedi at ed

di sease. d utlé%wéﬁ%ﬂhpléﬁﬁlaﬂlﬁ S¢o8IQike- EPYKaserpessrigelufergteey ittt a gl uten
free diet Edeaglfe E&’es%p@oncéﬂrgﬁ@x{s%?(i% a8 250 MESRT SBRCbinb&ate £BhbsE ot #5 PET T pheral

bl ood, so ena eterm nation
mcg/ml Six glutamate-substituted gliadin peptides (H, L, J, N, O, P) were <15% as
bioactive as A-gliadin 57-73 QE65. Other peptides were intermediate in bioactivity.
At least six gliadin-derived peptides are equivalent in potency to A-gliadin
57-73 QE65 after modification by transglutaminase. Relatively non-bioactive
25  polymorphisms of A-gliadin 57-73 alsoiexist. These data indicate that
transélutaminase modification of peptides from several gliadins of Triticum
aestivﬁm, T. uartu and T. spelta may be capable of generating the immunodominant
T cell epitope in coeliac disease.
Genetic modification of wheat to generate non-coeliac-toxic wheat may likely
30  require removal or modification of multiple gliadin genes. Generation of wheat
containiﬁg gliadins or other proteins or peptides incqrporat’ing sequences defining

altered peptide ligand antagonists of A-gliadin 57-73 is an alternative strategy to



of the nol ecular specificity of gluten T cell epitopes. As described above,
we have 25 identified a single domnant T cell epitope in a nodel gluten
protei n, weghixmir3(57- 73 deam dated at B5). In this EBxargse03/@bkishen
challenge in coeliac patients was wused to test all potential 12 am no acid
sequences in every known wheat gliadin pgotein derived from 111l entries in
Genbank. In total, 652 20ner peptides were tested in HLA-DQ@ and HLA- DQB
associ at ed coebt¢eatdicaeitally mSaéified whéat tHaeis SheBpenirabihachaifjpoeedscWht h t he
cl assi cal HLA- c | ex (HLA-DQAL *05, HLA- DQB 1 *02) present in over
90% of coel i ac&*H&d 1rTefl")ils‘?'nduci ble A-gliadin 57-73 QE65- and gliadin-specific
T cell response in peripheral blood. A-gliadin 57-73 was the WO 2003/ 104273
PCT/ GB2003/ 002450 56 only significant a-gliadin T cell epitope, as well as
the nost potent™3dMP¥f n T cell epitope, in HLA-DQR-associated coeliac
di sease. | nsaddidih@Bn of D& E WS ESetRnb@NY as 5 famlies of structurally
rel ated peptides that were get ween 10 and 70% as potent as A-gliadin 57-73
in the interferon-yCEnmagset ofpsplides corrrerandigp trunsations eppradipdis She/d donk
derived from ymeandn@=tGliffifica Rl hat &%'e&@%é’qu%ﬁ’émﬁ ﬂlesle&'ﬂ%gffﬁj% j{ hat were

| "to t equ

structurally verﬁ/](m mlar, but not i1dentica e core ence of

A-gl i adi n 57- 7BELRY thaelisdig 6&A8k AtRPORCOD Pye(SEERITI NG B8poniftowilex anpl e:
FPQPQQPFP ( SE : d;: % SEQ. | | t howgh no
honol ogues of %ﬁllg?l?gg%ﬁgg%%g avg%rgglhb(s ougéﬁeﬁa}%gﬁ%?@ﬁtﬁwa@g, t he ot her
two cer eal $0t oxintritiute toatebicactivitf). di sease, the newly defined T cell epitopes
iny- and co-gliadifs,.have exact matches.i r n ar.l ey.sto e
proteins (secalins %88@‘1%8?‘8%&.10 (ﬁ%dfmgrtgéA‘ 5@6@%&%@&%@%’%} Q?:m?ﬁ (fé%‘éee{sﬁgf
associ at ed wi t lysink AiPGR 1 6)subdtitnst foatepdys SA36 03 vale@Bmparkd f i AND@BmaNone  of
the seven HLA-L eliac.subjects had inducjb ~. gliadi.n 57-73-specific
T cell res ponsﬁgﬁﬂg%ﬁgﬁ’&l@etﬂl Eﬁ"’iﬁﬁflﬁ’%‘ﬁ %r,ceh#l%%%)tf?fg@cgfh%‘bmi@ti%%sessed
the conplete Eﬁ.éa}l@%emmhheﬁxing Iwasbfglufenldhﬂlﬁ%@@=gpQB%?@bl&F@ES@AS vvh_oddi d
not possess . the.cp t _A- X, had i nducible gliadin peptide-
speci fic T'tel #igdd 6%5@@%@%%&8%?%?@@%?@@ A0 2)n " one HLA- DB
subject, a novel dewhdihd thatGdidiucs Bbrt@phdnaso hdantinfsoed dsh the core

. The transgl tam nase-dean dated

sequence LQPONPS SEQ I D NO 21 | 1Se- deal

versi on of 20 fﬂﬁ?%&ﬁ’@@%@@m%) et hyiantinly tedbe bieashvidained pepti de.
Previ ous st udi iSHIHES : [A0n$alsul-amm - i tide
woul d have t heggdggience Eﬁ;@ﬁ%ﬂéfk@? %%(5; I%%?%%Sgﬁgéﬂag%rt ﬁg§@st udi es

are required t® soafseised Mh Sstespgerdncenitiafnrygtiadin®/-Ae@FE6hsubHitkedar ( 10)
and HLA- DQg, ( L BC o | \/ng . i . QFr nont h,
gliadin pep%i cli]geqsgt%g%:??it]@u cleOI {1?%%%13{)0”5%?9%%& 1ﬁllre}ro é&%ﬁ%@eﬁ?&% dom changed
with gluten chesséserige) scaomdl mepeofeglandinpBt EnREGS variehts (sepitiogbsit aveal ed with
gluten chall en&ﬁer‘n@ﬂfﬁ@'o‘c@tﬁ’rﬁgu 8411%8 1élcslds elx@ep gys?e!illljesa{t (}))Qéiﬁgn@%{a?prove are

sensitive to modification) are assessed in a second round.

25 Examﬁle 10

Agonist activity of substituted variants of A-gliadin 57-73 QEGS
A-gliadin 60-70 QEGS5 is the core sequence of the dominant T cell epitope in

A-gliadin. Antagonist and non-agonist peptide variénts of this epitope are most
likely generated by modification of this core sequence. Initially, A-gliadin 57-73

30 QE65 substituted at positions 60-70 using 10 different amino acids with contrasting
properties will be assessed in the IFNgamma ELISPOT using PBMC from coeliac
subjects 6 days after starting 3 day gluten challenge. A second group of A-gliadin



are unlikely to be nore than six inportant T cell epitopes in

HLA- DQ2- associ ated coeliac disease, of which A-gliadin 57-73 is the npst
pot ent. Hv@-20PH4zmMd HLA- DQ@B- associ at ed coel i ac di seas@CaaGB003/@hewe t he
same T cell specificity. 30 W have shown that short-term gluten chall enge
of individuals with coeliac disease folkowng a gluten free diet induces
gliadin-specific T cells in peripheral blood. The frequency of these T
cel I's i s maxi n§l-73 QEf®virphis (abstihteddithall dayr Gitally 0MAND L0 42dS3

PCT/ GB2003/ 002450 ., 57 .t he nes. over t f.ol | ow week.

per i phor al bl oUR BTt SEpibe 630 SEE RS Siksrb ceof PGP W7 ¢ hat

|h s assomt at ed whsolrmlldgmm mgiupmcatd)ezemselsamumagmnvmpﬂft dra 8 sMQecQ@Qﬁ:l ldOlt t;ed thlls

i sease. i n°t e BHEHaL) DN IgPAEhHRaF hrmepr OB AP AR Usi ng
15ner pept i desinger Happk dEHAMN cdibeaiitda A -gBadM 5ﬁ733Q§65"4nttﬂ1@H§sa§d§am dation

by transgl utam nase tTG%qu we denonstrated that cells induced in

peripheral bl otrdvesiPep@ ¥ megmget only one A-gl i adl n peptide, residues

57-73 in which gl utaEhRe @dxprdd@8ial kdih 8spdnse il ST EARIELe1d ABoLPI tOpe s
HLA- DQ2-restricted, consi stent with the intinmate assocla on of coeliac

di sease with Hioafifxpe infeyvabows| % AcC dil 98 44 Sineean eagpavisy tcach ingividnelat , rye and
bar| ey exposurg, aTxQ@t-%éé@vﬂlgéﬁ ﬁl'td%H I gﬁ'P(?fre‘Qf%%%s&Q ﬁfé ]?sudes

consistently toxpc in coellac %I seas nost ~ stu ocused on
t hese pr ot & nswitlfheG géiaé QEGGSS@erﬁmmefr@defakQ3slgllvuadugn®tersespbrtseat ed on

wheat chr ONDS Offk:, ﬁl-Ql} 5?_ @6?%@6}2 ]}%961 \%ﬁg%lﬁgalﬂge of. f<0 %ﬁ rtgall ! g‘)(gﬁs?ssaé avin

e
barl ey. However, s udt é/ d CO)
are toxic 15 mreepmealsd lags thhnsaeasﬁ 73|’@E@5~atari@l/eb<nf sgmfa;dnda o@pﬂ@ael andand,mcat ed on

ye and barl oy HRERE oL oW GERLE Tasntirodd FoR ST e T whoat |

(Triticum aespdpidsy) PepTides ‘&rtlghgoaﬁt ATHSRYBEN 6EBssahA of AOsRkHix shomjmous but
adin derlves fromthe nost pqQlynorphic region

t he dom nant i tope, i

1 the g adtefe S9BCEGGAHE D ARG COHOEIEoAIs 4 B TaveURiodarad | hat
there are a to@s@éT&ie@Q@@ﬁg&&Q7mstl nct a gI iadin genes in T. aestivum
but many are psuedogenes kely that T-cell epitopes

rel evant to coel i acl§i @é@é‘g‘l*’aﬁersﬁgfr TPSHEIPSG&@BB tRitneliadion’3QE0T iadi n

sequences. QUryiQy kpdddi at S8Rlbilhetvel Brlofkkat @bsifieAd 1@ ahegdundlelf4 N peptides
almost 25 identical to A-gliadin 57-73 as potent epi t opes specific

to coeliac di s@éé)eﬂnd loge abppsation 66 fledt).dad g ]iG@ﬁlt extegi @GMPM D@&andeﬂ@a so far,
we hav e onby 58 BRRaHa A RIS pf ARl A%, %@gﬁgwﬁs@ a0l Yo BNl | enge.
patients o] 0 not express HL nearly arl carry
HLA- DQB. Hencegenptatejsgpegrageriigaivith §0% gater hioadtivisy than dleipatintpebiide73 and its
honol ogues in 195&% We%ﬁ&ﬂcufg%%m"f‘d}ﬂo ?ﬁA BbZ%lnce B motif for this HLA molecule
indicates a preference for bulky hydrophobic resides at positions 1 and 9. Eighteen
non-agonist pepﬁdes were identified. Bioactivities of the variants (50 mcg/ml): P65,
25 K64, K65 and Y65 (bioactivity 7-8%) were comparable to blank (7%). In total, 57
mutated variants of A-gliadin 57-73 QEG65 were 30% or less bioactive than A-gliadin
57-73 QEGS. | | |
The molecular specificity of the peripheral blood lymphocyte (PBL) T cell
response to the dominant epitope, A-gliadin 57-73 QE65, is consistently reproducible
30 amongst HLA-DQ2+ coeliac subjects, and is highly specific to a restricfed number of

amino acids in the core 7 amino acids. Certain single-amino acid variants of A-

gliadin 57-73 QE65 are consistently non-agonists in all HLA-DQ2+ coeliac subjects.



30 proteins are the only T-cell epitopes recognized by T cells induced by
gluten challenge in both HLA-DQR+ and HLA- DQB+ coeliac disease. If this
wer e t he wa=e93/10desi gn of peptide therapeutics for coel iPat/GB29ea®4501 ght
only require one peptide. WO 2003/104273 PCT/ GB2003/ 002450 58 Honol ogues
of A-gliradin 57-73 as T-cell epitopes Initial searches of Sw ssProt and
Trenbl gene databases for cereal genes coding for the core sequence of
A-gliadin 57-73 (PQLPY <SEQ ID NO 12>) only 5 revealed a/(3-gliadins.
However, our fine- ing studies of the A-gliadin 57-73 QE65 epitope
reveal ed a |ini ‘%ﬂgﬁaﬁber of pernissive point substitutions in the core
regi on (PQLP) Unokenitfabitis ofeibwalidey valeaw dated in the epitope). Hence, we
ext ended our searcﬂ 0 ﬁenes i i ssProt or Trenb| databases encoding for
beptdes wiih the DequEHERc e tsoR R TP OYbOk { SIS NG 23)
Horol ogues 510 MEADQTERIidd EghaRpGSst at fldraidiepide 1Phats§APNFsaphtné g€i Ns and
secalins (see Table 12). A further homol ogue was identified in wgliadin
by visual sear¥¥pesrispiaPBMC o gy et vehiprebdhs PBled st FisponsTisese

honol ogues of kg ﬂo%%slySJrog%oleﬁﬁﬁ. m%%g@lmﬁé beetieagwakhatidy tTG (or
synthesis of the glutamate(QE)-substituted variant in four close
horol ogues)  15ftseyey sgle apmack-yuBgittedsaiapts ¢f Arelipdinisprié 6Shrithod

nononucl ear ce : : b . i i ac i eq
co-gliadin seq gﬁlgggc%% G%?@%Iggsfgl?@él%g Qﬁ%ﬂéﬁﬁdﬁgﬂﬂg n 1)‘:/:1% i gg@{liéﬁlsea-g%g?ﬂi de,

appr oxi mat & y dnddgbnials. potddiion.stizin giepldy bieadive A8wle ecclimbigepolyh®rplasms Fi gur e
29). Hence, seargc f oy t.he.. 1.0an -gliadin epitope
failed to accoﬁ%fgg%lrﬂ ﬁl?ﬁ'@g% g%?gﬁgﬁéeﬁ-lgﬁ%flg%, al)selieogv Ialgcrllgn,ayg%d hor dei ns. 20
Met hods Desi gn‘mefuralyseturofg”’peiit andeesnistealihbhnagscdickn pogsstda thatwhepdtitighi adi n

T-cell epitopes._ ln. or to identify.all.possi T.cell epjtopes coded by
t he known \/\/neaﬁ)1 £1(1 ngﬁ%%lﬁ%a 31(53 flr\l}%ﬁ#“saFlilt%il'ﬁpeégjﬁgrscegr‘mwﬁ‘épffl?nﬁ Mt s (61
al (3-, 47 y-, didindepidieglhandh ot irginte IFdlganina ERpd8edih codi@@BBNET dfieed protein
sequences were _alignhed usi he Cust al 5 ftware Al ign nd
arranged i ito %ﬁ@?gl& ] b‘p%f’ %ﬁwrhtﬁi’“?lég\é{b%a}aﬁg% ?CWE%%&W&‘P%&% ;
_rgpre_sen} ed trdencahpbasselited BNYQMiadfieINIDCESS. BRE poRidYs LI EnEAHIRRH S Wwere
i dentical exce

t for the length o ol ygl utam ne_repeats _or rare
substituti ops.ﬁL‘ﬁlé?@%?r?ﬂL &3 &‘Iﬁrfgﬁ@golar) éﬁWrWﬁché}%ﬁYW@E@ﬁPi al uni que
12 anino aci d $64¥HNEEtyrBNEa6aeh DY KW sYhaNWIeRES AFNM®Y Relued in a
set of 652 20ner peptidés. 30 (Signal peptide sequences were not I ncluded).

Peptide sequen¥@d6ire listed in Table. 23. Conprehensive epitope mappi ng WO
2003/ 104273, PCT/ CBZQQ3H0243 dition of peptide (50pg/ml) or buffer and A-gliadin 57-73

QE65 (loug/ml) in IFNgamma ELISPOT using PBMC from coeliac volunteers 6
days after commencing 3 day gluten challenge (n=5). Results were expressed as
respoﬁse with peptide plus A-G 57-73 QE65 (mean of duplicatés) as % response with
buffer plus A-G 57-73 QE65 (mean of 20 replicates). (See Table 9).

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

~632-645Y reduces PBMC interferon gamma responses to A-gliadin 57-73 QEG5 by

30 31% (p<0.0001) but the other HLA-DQ2 binder, HLA class 1 a 46-60, does not alter
responses (see Tables 9 and 10). The peptide corresponding to a transglutaminase-

modified polymorphism of A-gliadin 57-73, SwissProt accession no.: P04725 82-98



59 Healthy controls (HLA-DQR2+ n=10, and HLA- D@8+ n=1) who had followed a
gluten free diet for 4 weeks, and coeliac subjects (six HLA-DR, four

conpl ex Wetesmyzyot es HLA- DQR2/ 8, and t hree HLA- DQB/ X) (PeaacBRaE/m2458)
following long- termgluten free diet were studi ed before and on day 6 and
7 after 3-day gluten 5 challenge (four 5Qg slices of standard white bread -
Sai nsbury's sandwi ch bread, each day). Peripheral blood (a total of 300ml

(()ver )seven day@}i%/ve(sqegpi«"mnmﬁfmdgs (gEQiIDh%ﬂV))béaiQ@di rEpOIBBLIL| L akadee! I; g
PBMC) were separ.a Lynphoprep densi t gradi ent. PBMC were incubate
wi th pools of %’@régg%‘@yn@zf%&()gaéé‘?e T&Plesliligl e peptides with or without
deami dation by t TGrhif@¥R bith@hteshdib@IF BT & did 53 QEdDinEliSPOT assays.
Pepti des were synthesized in batches of 96 as Pepsets (M notopes |Inc.,

Mel bour ne Austasgayp aie.reduspst xqonsanistraion ofgegtrig FBRls-astinesetih AgiagB 3798 ner s was
provi ded. T : I; ef:e4:h Bel i : 196

( VLQOHNI AHG%%(%%& é%%@%%b@?ﬁ%ﬂl%g gt M%{é%dﬂl’ B %@gf aﬂgﬁ‘gﬁ‘%ﬁ% pBpiid8 |

| KDFHWFRESRDAEW@@]@@E%A-DQ&@ peyfoldardespe Teese Hnding sugeess Bt Pipredr ever se

hase- HPLC an ! i e | ysi i i t hese
I,Omar ker pepti Cojpée Hﬁm@?gg %%&%ﬁgg%&g@g%p%ﬁiﬁ% fg{sggﬁ?t%fgl tu:t/@?eeg%%i tially
di ssol ved i n antagboists brtidls cfdO8perdides thigpes! IO afet ey riluce PBE T i nal ~

concentration of indivjdual, pepti in pools (or alone) incubated 20 with
PBMC for the IF resﬁﬁlfségp%tﬁgg%grggj ﬁéE% g/m. Five-tinmes concentrated

solutions of pepti désseditdingealppoit wdPBStegiet to io@iroptuin T bdlbespdasetotewer e

aliquotted and stored.in 96-well. pl according to the tenplate |ater
used in ELI Spo‘fOITﬁg%g‘égllaglﬁgBﬁ?pﬁé?gg@g& Eﬂéeﬁaca tf2Bool s of peptides were
prepared by i ncubatOpmimistibioQAPI&Ragopis® by issistiRitihg EmipSiagitat h@8hni n t he

ratio 100:32'g/m for tw hours at 37C, 25 Peptides solutions were stored
at -20C and freshl yPOf RN (g‘r‘@rﬂ"tl&?e6§et¥a%@°P%{dP‘?P“€SP]§%’P§a or o0 my/ )

i n endot oxi n-free wadchic @n6ticaMdifidon ¥BSialiaick®d if Rfeal0 M nutes, cooled to
roomtenperature and incubated with filter -sterilised pepsin

0.2
(Si gma P6887) (22ng/saiofigh ﬁfﬁﬂtt;iﬁ%zli\)@%Pinémmﬁdybg%mpe@fm?lﬁmng/ m) in

ammoni um bi car bonatge.tBaiZMor AR F70BUNE]SI iR BssbQktich IBLMSA -TRD.
pepsi n-di gested gliadin was neutralized wth sodi um hydroxi de, and then

both pepsin- and chynotrypsin-digested gliadin were boiled for 15 m nutes.
I dentical incubatiQps Wt oL A c1) tilgq@ll 35, o were al so
performed. WO 2003/1?l 42% %(E%CGBZg%W Olglﬂ@g%glgg aﬁpsfhgé%rlgasg}vtg%?ri fuged at
15 000g, then gpnoweilby cphoaglficadrndQE0 weh yreseiresdued It s likslygesnapant s by t he
BCA met hOdZO( P aegrogigt's rég%d'.fro%?}cn?prrgvefdlbﬂl%&ng%g ?ILIADDbE '?%he%lthlgg%anced contact

with the T cell receptor. By combining these modifications with other substitutions

that generate modestly effective APL antagonists might suBstantially enhance the -
inhibitory effect of substituted A-gliadin 57-73 QE65 variants.

25  Example 12
Development of interferon gamma ELISpot using PBMC and A-gliadin 57-73 QE65
and P04724 84-100 QE92 as a diagnostic for coeliac disease: Definition of immune-
responsiveness in newly diagnosed coeliac disease

Induction of responsiveness to the dominant A-gliadin T cell epitope in

30 PBMC measured in the interferon gamma ELISpot follows gluten challenge in
almost all DQ2+ coeliac subjects following a long teﬁn strict gluten free diet (GFD)
but not in healthy DQ2+ subjects after 4 weeks following a strict GFD. A-gliadin



assays, aliquots of gliadin-protease were incubated with tTGin the ratio
2500: 64 g/mM. 5 IFNy ELI Spot assays (Mabtech, Sweden) were perfornmed in
96-wel | pwet2ees/10¢XI P S-45, MIlipore) in which each welPCTaGB@/0265025] of
pepti de solution and 1001 of PBMC (2-8x105/well) in RPM containing 10%
heat inactivated human AB serum Deani dated pepti de pools were assessed in
one 96-wel |l ELI Spot plate, and peptides pools w thout deam dation in a
second pl ate (7B Qi65 rgtporisescant ndtanyeasitryblom PEMG of ¢petaysubjeatntiefo@y 6. Al |

wells in the plate tai ni.n i dat ed ides included tTG (64
o) 1 eacnecFefol iR PO R E Fia i st iKle. pool s (one
uni que pool i nnRashediePBMC ehthtraatskddekss 0Those Hats sfp@ést tHapintchellac dpepti des

. o , .
Conet | co): P04 TR ST Tr AP BB SR PTHyS Sroen 122 77- 93
(QLOPEPQPQLPYSORCE (820 1D N0 28)) - \FOo663 7105 CEat LUl OPRbCPEL Dvser
E%Sﬂ DQ_DN?I_ 29) V! 1%}3“_& %ﬁ%ltl? V&Eﬁ%ﬁgﬁpsé@ﬁ%ofgﬁﬁ%&ﬂ%ed(@é%gép phallenge QPQE
pepsi n-di gest eg cgljélﬁ’éjéﬂ'inc(u@Qi?r bik¥ks to G BN SAPSOP6A 28 oHePlnm@loetive PEPSI N
(10 g/m ) alone, and blank (PBS+/-tTGQ (in triplicate). 20 After
devel opnent an@ligfisy peptdes|iFRipo®EL | Spot pl ates were assessed using the MAIP
aut omat ed ELI Spot, 3 . A : i ac subj ects,
i nduction of spot F@%ﬁrﬁﬁgﬁa?w&%%g? eétiﬁ%;%%)ﬁglg@ﬂ?%qﬁe | FNy ELI Spot
assay was @ esgstroagémipgaoupdicnidetvict. WBMOwers phapesH end Psted i1 iSkereren- Ranks
test (using SPSS s ar e .ed, ot . R0, .cells fc r mllion
PBMC m nus bl a%ﬁm%lﬁ%%géﬁ@ga%aég§g%r&seusgb%§§/§L "'%gé &r:gs%lgr?geme)({ﬁ%? %}Vﬁl i cant
i nduction of aaft¢redihnreesppGED. foadigpn) geten plodibsgei(? dBBNEhsoyningt shiceso gl ut en

chal | enge was def | ned a I "net respanse” f at .least 10
sfc/mllion PBW@%@WB%Sl?rﬁqfﬁ%gﬁwo‘?asﬁegﬁ?“%a@g%@eqr%’é‘? YRk AR S M s ponse t o
a particul ar parD. GfBNIE pleted@spacd adldyssbyedasa dhplik asateinpnrasheing gRfhn of

i ndi vi dual peptjdes within.e S| d sane day or on
day 7. 30 For f llﬁl%gl@gl‘b%gaggg (4%#3%‘55%0&%@;250%&3 ctivity was
expressed as gomBnEBALd Alplib&is BOITS QH6S (m??r%a—b?'&c@x% voESh, RssRNERENi n the
same ELI Spot plate. Median response to blank (PBS al one) was 0.2 (range
0-5) sfc per wePPoZAHY™ERESWFEL003/ 104273 PCT/ GB2003/ 002450 61 positive
control (P04722 77-Q33 b%he%@-d@lgﬁf)@ﬂggéliagg'ti%%asﬁj@%%ﬁeW@é]bQB’-ﬁ)' ng a
medi an of 0.36 mllion (range’ 0.3-0.72) PBMC. Hence, nedi an response to
bl ank expresséerlas EBMedwanteade disgnopglcpebacy thabwerepaiseaipdsorafiond ¢range:
0-6.7). | g visdualp, RSnhi A8D did Al sHRARSRINGAGS hWiih¥in3h 83\ Rl6stbAa@paH t hat  of
P04722 QE85 5 were gn(g’f}y%ed for ccs)rrrmns}gjtnr ucturéall 1ﬁnt ??ts@ ,

84-100 QE92 (alone or combined) that were not significantly different from blank or

A-gliadin 57-73 QP65 (n=9) (see Figure 28). Gluten challenge in coeliacs who had

—

followed GFD for only one week did not substantially enhance responses to A~
gliadin 57-73 QE65 or P04724 84-100 QE92 (alone or combined). ‘But gluten

.25 challenge 2 weeks after commencing GFD did induce responses to A-gliadin 57-73
QE65 and P04724 84-100 QE92 (alone or combined) that were significantly greater
than the non-bioactive variant A-gliadin 57-73 QP65 and blank. Although these
responses after gluten challenge at 2 weeks were substantial they appear to be less
than in subjects >2 months after commencing GFD. Responses to A-gliadin 57-73

30 QEGS alone were equivélent or greater than responses to P04724 84-100 QE92 alone
or when mixed with A-gliadin 57-73 QE65. None of the subjects experienced

troubling symptoms with gluten challenge.



Results Heal thy HLA-DQ2 subjects None of the healthy HLA-DQR2+ subjects
followng a gluten free diet for a nonth had | FNy ELI Spot responses to
honol oguesocbosogiBadi n 57-73 'before or after 10 gl ut @aTARA003200g450
However, in 9/10 healthy subjects, gluten challenge was associated wth a
significant increase in | FNy responses tesboth peptic- and chynotryptic
digests of gliadin, froma nedian of 0-4 sfc/mllion on day O to a nedi an
of 16-29 sfc/mlli dnmiseespbaplaessd)s m@siadimPBME plerghsen chalieak) foyA-subj ect s

wer e unaffecte i i b e 15 thy subjects,

there was no c%ngélusltm&)%?t Ellg?%shﬁ’ ‘?%%S% N =N Cé%A%Png?p yglg%%c?lnf‘l?’ﬁnégl i adin

pepti de pools \Amtehpcglhisrmeas”dhﬂhd @mgmnt T'seleefriogemprevadld in mnﬂatI@béeﬁa&G) | FNy

ELI Spot responsgs_ wer onal Ig éound (#&;]? hese re we and not
e

altered by deafigaricBh! for ﬁif B1° W8 28 BhYes o‘??%lg’é firging § 6I s were al so

present on say dhghssie téﬁaﬁbt eoelid; disdaby @loShittieh chilengd 8hd18asuEREnit opeal t hy
subj ects did show defl te regp?i;@ g%to pooI 50,and the two with strongest
20 responses oﬁeSB‘é’ﬁﬁe%o -glpdy § wdle BlISpohasay 15 4 lepg2iveslingtisst s, t he

post - chal | enge comaspansesFbo pool 50 responses were due to peptide 390

QQTYPQQPQQDFPQTQQDQQ "SEQ I D NO 30)). HLA- coel iac subjects Foll ow ng
él uten chal | enge i nAiSHARPEPRTESeFHE 5wl amee Dgét‘hétﬁha‘ﬁn PENY QB85 Euingp ot

responses to P%%ga?sm%erQﬁe g%h@ﬁ§ﬁo$d’ ﬁ%ﬁea@@@o@lﬁc? n&) daPnSJ ﬁﬁ%nﬁ debdni I lion

(see Table 4). One of the six coeliac SU@] ects respond to
P04722 77-98 ngslstepzheékeegerﬁfqet tdeast Zavierks Eanmtwem@ﬂ@smeb pBresaderet 0 gl i adin

pepti de pool s Al W th
earlier work, | H%)(gtf%%ndDHE)#eSﬁg-hng% %Zthé%cﬁé%‘% {:ﬂﬁ@fgl)eaggggrﬁg{ %ﬁf TS with
deami dat i on byndc®ed fos é@OmebmonS)Thes@ﬁndm ar i:errscsteng\anhrﬁmcmmpmmsgs of @

gl i adi n-di gest r | i v ubstantially increased
by gl uten chal ell‘Q’? e%lft?ofﬁ%stgg% mlﬁ%@?()pﬁf)g §ha 5'82? §P (Qj ﬁ?‘iefsegh %”%

chy {m'él r yp][I c- gtxcadlon 2((3‘32}1 %}ng;lgﬂﬁlgfmﬂlgs ﬂb‘t’Bem‘éﬁdeﬁublgléiemoﬁmted ;na f ’

pepti de-gli ion o

gliadin inct eagu RISV Y e PR (ﬁig?f%{f?ggfe a‘teirg;?‘é'gg‘f%ﬁ tcible with

chyrotryptic- gbdpadetﬂheﬁpjdm:lcoehatcldme&efor peptic-gliadin (see Table 15). (Note
that the acidity required for, digestion by pepsinis likely to result in
partial deam dation of gliadi n.) 5 1n contrast to healthy subjects, gluten
chal | enge mdumﬁmbﬁl\m ELI Spot responses to 22 of the 83 tTG treated pools
i ncluding peptides fro w gliadins (see Figure 31, and Table
17). Bioacti vi @”’Bfellﬁ’éf&eé/l‘(%@lgﬁ%?‘ff g sedhkritopest ween subj ects (see

Tabl e 18). 24 FNy ELIGRREN ER8PRISRCA! dnfidnedebilc ’P@Qfs'ﬂﬁerﬂ)ﬂ%fsblood. In
coeliac disease, gluten is the antigen that maintains this immune-mediated disease. -
Gluten challenge in coeliac disease being treated with a gluten free diet leads to the
appearance of gluten-specific T cells in peripheral blood, so enabling determination
of the molecular specificity of gluten T cell epitopes. As described above, we have

25 identified a single dominant T cell epitope in a model gluten protein, A-gliadin (57-
73 deamidated at Q65). In this Example, gluten challenge in coeliac patients was
used to test all potential 12 amino acid sequences in every 'known wheat gliadin
protein derived from 111 entries in Genbank. In total, 652 20mer peptides were
tested in HLA—DQZ and HLA-DQS associated coeliac disease. Seven of the 9

30 coeliac subjects with the classical HLA-DQ2 complex (HLA-DQA1*05, HLA-

' DQB1*02) present in over 90% of coeliacs had an inducible A-gliadin 57-73 QE65-
and gliadin-specific T cell response in peripheral blood. A-gliadin 57-73 was the



wer e al nost al ways increased by-deam dation (see Table 17). But enhancenent
of 10 bioactivity of pools by deam dation was not as nmarked as for P04722
77-73 (B5WO0 2083194170r pool s i ncl udi ng hoi ol ogues of A- gl iPadiGB26T3/003450Thi s
suggests that Pepset peptides were partially deam dated during synthesis
or in preparation, for exanple the Pepsgt peptides are delivered as salts
of trifluoracetic acid (TFA) after |yophilisation froma TFA solution. 15
One hundred anchlgayg@fitant ogtladih @uall eifbe, de avmil deaﬂhedloﬁt@tehdgﬁtdfnmmlﬁl of the

nost bi oacti ve 00l s ara ssed. venty-two deamn dat ed
peptides were® ?B%flbﬁff‘ﬁ%(zzegﬁ%lﬁgé%iﬁ ‘f?e@%" &%a WPV PCERASERME 28t an
equi val ent Coﬁﬁﬁﬁﬁd’s?ﬂfht@t&uﬁﬁ@ Iggfeﬂbépt(dsﬁmaﬂﬁéaé Betwk&h- 105&1@7(5%\&@13&@&% pot ent
peptides (85-94% ﬁgl oactivity of P04722 85) were previously identified

a-gliadi n honofdgade S A 726 i infgferonsyERigpo Faisffaf/ y Thgse P%‘%TGF%SENP%W?Téptl des
were not hoywl Qguesieh yLafl d-gidhsadd mZﬁtded%&mﬁ&%&heﬁ@es%a‘{bvgﬁd into six

famlies of structurally rel ated sequences (see Table The nost
bi oactive seq u’“é‘r‘ﬂé‘é‘raélb’ Ve EHnikE, RupBotidanticad o thapare peggenge P%A ghadln 57-73

PQRPQQPQQPFPQR, ﬁéE@ l'}ﬁf ﬁ?ﬁb‘l‘é ﬁ’r?@xa P ctivity
of P04722 QE85), (SEQ f

QAFPOPQQTFP ﬁ@) 1@@@@@@@%@}5@@5@ 22)70 lthoumqagphmuhmmpqrq ( SEQ
| D NO 34) (396 . | 9.
PSR SY QPP TR TR 30) T e ooty e e ol I Pt

under | i ned)a Adhkeae:f themewly deBgrdeh cadisepitopsks irde agd wtghindinghave sxattmstchqsriedi ct ed
to be 30 susce ible to deamd ti ut am n (e.g. QXP, QXPF
(SEQ I D NO. 37) W‘:‘EWO%GEP;SO eﬁ‘sﬁﬁcgéﬁf‘n‘?goergel??arc@?e"?‘fe?ya? 2002). Sone

bi oactive pepti des Coetist disensetnovassariedseitiBDAG3Q] fsamabt ilf;veyﬂ‘stocfaadai lies. WO
Git1eront - ool Hbpchat SHE Sdeaie st hisrere supeo aeele or o
sgguences bi Ogﬁt‘lin\dﬁ’w-s(pf:mﬁ@l)hblﬁ&SpoandQﬂ’(blﬂmfu?geglgitgﬁ cﬁaﬁeﬂéejd lﬂ%ess l&i@g?@b to ?ilty
additive. For exa , tivity of t treate 00 was 0
of P04722 CESFOSHH "?ﬂéh%oaﬁ%fﬁrﬁ%ﬁ&cqwﬁmwaﬂ *BEAPRSS cpeliecisphiscdhk or der
S5 Peptide 631 (hoam h@g}b@se@sf thécdhplsl B ASBOZ 3ém§é%ha<§§1@uc(ﬂ§!9gﬂiﬂg tigd. 626)
51% and 635 19‘V%1 16% and 634 13%? ono 396 Al t hough

ues 0O
likely to be awediiefl sehpspasedblianng glhen ekpengen dn PW%{M -DQEwbicklept | de
famly” to theno%wmgnénmeﬁalt%;@&agl@ame& %me%feasg fnfEPLi des was

conpared in, the A-DQ@+ coel 1 ac subj ects (see Figure 32). Accordingly,
the contribut |HBPQNP&@QQBQX§@QWN@298§11@ tansgltagurase-deanddgieheesioroofgl i adi n

peptides ig, b%%@}@tﬂje/ whs 3 pd%én‘?’ than the non-deamidated peptide. Previous studies
‘ suggest that the transglutaminase-deamidated peptide would have the sequence
LQPENPSQEQPE (SEQ ID NO:22); but further studies are required to confirm this
sequence. Amongst the healthy HLA-DQ2 (10) and HLA-DQ8 (1) subjects who

followed a gluten free diet for a month, gliadin peptide-specific T cell responses

25 were uncommon, seldom changed with gluten challenge, and were never potent T
cell epitopes revealed with gluten challenge in coeliac sﬁbjects. In conclusion, there
are unlikely to be more than six important T cell epitopes in HLA-DQ2-associated
coeliac disease, of which A-gliadin 57-73 is the most potent. HLA-DQ2- and HLA-
DQ8-associated coeliac disease do not share the same T cell specificity.

30 We have shown that short-term gluten challenge of individuals with coeliac
disease féllowing a gluten free diet induces gliadin-specific T cells in peripheral

blood. The frequency of these T cells is maximal in peripheral blood on day 6 and



Usi ng the peptide honol ogy search programre, WNWV PepPepSearch, which can
be accessed through the world wide web of the internet at, for exanple,
cbrg. i nf . wOolaoxtwAzabsection3 | 5. htm.", and by direct @eCFEEB20630002450t h
Genbank 15 sequences for rye secalins, exact matches were. found for the
core sequences QQPFPQPQQPFP (SEQ ID NO 89) in barley hordeins (HORS) and
rye secalins (A23277, CAA26449, AAG35598), QQPFPQRPQQPFP (SEQ ID NGO 40) in
barl ey hor dei then (aH@31 wamed oHDRE) follanidg voek. me@@%mi{dﬁE@ebiﬂcm 41) al so

in barley hor - as d coel Lac i sease Seven
HLA- DQ8+ coel i geg s%%g EE )lt\/\%rm O@ ﬁlﬂa?%‘s%)@ragﬁéwé 8m 8Fhe gftaglﬁl chal I enge.
Fi ve of these jﬂbﬁn@@% ek Hibifed BQADNAGhti Zon-dila RengBRIHIO Rpp ’I‘debjeﬁt‘dpés al so
carried one or 8‘1 he coel. ﬁ} d| sease. assomaﬁt ed A— 25 conpl ex

( DQAC 05, DQBJ* 5“5][ t%ﬁ)e it dizree Ip e @WB? Sl Gk ll’dﬁ?tﬁmcééﬂ P4E. associ at ed
HLA- DQ conp} exgsingasin@Qeptities bRSPHIESy 100angihé A wiReRE viBoRQRhRidaed

i ndi vi dual pept| des | ncl udi (nﬁEPO4722 77-93 E85) that were qualitatively and
quant it ati vel yPY GiglrREImap(t AWBéEmE’éﬁQP‘ieéélaEBB?lkﬁé@délc‘(‘%lé@ewl@[ﬂﬂ blpod3 and
34, and Tabl eindfilly ta%%@@h@ﬂ g@ﬁ&hlp@lﬁldeqeildu%élsvm PV IREE Bt iree POT

HLA- DQ2/ 8 subj ect s, but only in one of HLA- D2/ X subj ect s.

Pretreat ment oPOSHIBIOS Md‘wnﬂ%teflT@le @Wﬁ%’éé@ﬁbp@aﬁﬁtfw@t@CQJ@ISWeb\MltBths and
22-tinmes, and BihRarbiMbhNolds bdiGe WAL 6in Q\.DQ?A' in the three responders

i s equi valent to between 78% and 350% the bi 0acti vi ty of WD 2003/104273
PCT/ GB2003/©02450 G®limpdiwase l?lﬁagsfaESM whieaty rye endbarley exposurot Therdfn whi ch
peptides are b t i 8., Two of the
four HLA- DB c%palﬁﬁlaf(r:%galb&e@%g %hht s ans%%ghg g‘hcqggo%lr%gfs?a? gnmﬂf_t

al | el es associ sitdes lwve chcs@éIon amsmbrsbmseTlﬁmeduaarcydmg&r of f-pliadlirkslid Spot 5
responses to g{ocaggl éhgg,l Some%c %l(tﬂet he glthe{%}less Ofg}&ﬁlgingond to both

pr ot ease di geste n and specrfic

(HLA-DQ7/8) r e&ﬂmﬁd;ed{oxwvg@ nib tisdeyoftie vd&&ﬂ’gld&h@ﬁbtﬁ&@ (BB, Y; éds)eee fokigur e 35) .
Assessnent of JndIlVI g t|d S |1n these qols |de ified a serles of
o oeey rol St ol BratiBe DEDRATE SRt ket A e o8 FRomak Tt

LQPONPSQQRPQ (9, labil NOhdiblogsiseo thaladcalimhd hbleint RMyOM baBEK (by us) has
denonstrated that tﬁ\see gl ut am ne res!é%O es in this sequence are

susceptibl e to t TG TSth &t By GEahi‘eRics for Od femirinhagyheatidgirdly  sear ches

usi ng WAV PepPggdral)C ThbayBaditlgntidctLbe SIbRSELIIRY {Qhe 4GRENRSQAQAPQ (SEQ
I D NGO 43) only in \/\/neatl a\ggzlllla%lalr;sC Th% fourth {égﬁ%(% S?.ij e(%thﬁ( Cl1) had

i nducibl e | FNye@EP‘SﬁoArg'r‘@é}b‘E?ﬁ%%%ﬁ om the most polymorphlc region in the on-ghadm
20 sequence. Anderson et al (1997) have estimated that there are a total of about 150

distinct a-gliadin genes in T. aestivum, but many are psuedogenes. Hence, it is
unlikely that T-cell epitopes relevant to coeliac disease are not included within’
known o-gliadin sequences. .
Our work has identified a group of deamidated a-gliadin peptides almost
25 identical to A-gliadin 57-73 as potent T cell epitopes specific to coeliac disease.
Over 90% of coeliac patients are HLA-DQ2+, and so far, we have only assessed
HLA-DQ2+ coeliac subjects after gluten challenge. However, coeliac patients who
do not express HLA-DQ?2 nearly all carry HLA-DQS8. Hence, it is critical to know
whether A-gliadin 57-73 and its homologues in other wheat, rye and barley gluten
30  protemns are the only T-cell epitopes recognized by T cells induced by gluten
challenge in both HLA-DQ2+ and HLA-DQ8+ coeliac disease. If this were the case

>

design of peptide therapeutics for coeliac disease might only re‘quire one peptide.



15 to tTG treated Pool 33 (see Figure 36). Pools 32 and 33 include

pol ynor phi sns of a previously defined HLA-D@B restricted gliadin epitope
( QRYPSGCGSBQPSOMNP® (SEQ I D NO 44)) active after deam d®CraB20§3/103430
(underlined A n are deam dated and convey bioactivity) (van der Wal et al
1998). Currently, it is not known whi chsgpepti des are bioactive in Pool 33
in subject CL1. 20 Conprehensive T cell epitope mapping in

HLA- DQ2- associ ated coeliac disease using in vivo gluten challenge and a

set of 652 pepiides s ni .a no, 12 am no acid sequences in wheat
gliadin has tHha%d"9 %ﬁ??ﬁ‘?'@@‘g‘lgf %’é%%st%nﬁleé’étﬁ@qsdes at 10% as bioactive as

the known a-gliadi rlmapllsmpl&,s OPS*gisﬂ&ﬁHalﬁd5“?enﬂ33gﬁﬁ@atabﬂ@£ﬁéﬁéerealgéi%ge bi oacti ve
pepti des can be re d to a set T8‘%§E)1erha S as w as 5 distinct but 25

closely rel at e‘i?d’f”§ %‘é"%?eqb%‘ﬁ'PP ¢ (%QIPPXf R IR 1 ge8re rich in

proline, o Utr@%a‘[b%,ocléﬁl beditlsa bR R, oud RA-RAhpiYs Asdiferard biMdivsiers he
(SEQ I D. NO 45) This segquence facilitates

P
Zgglrjneggf i OS( of&éﬁ spitgpRTeYGald adingj{pd ppmber oBperatsive gointaubriteioRringde FUR of
A-gliadin 57- 63,{ARME (ﬁ@@@@f‘ 1S%th9ﬁy ddaPEdaRRRRME %ﬁtdﬁf{ﬂ%ﬁlbé’ 'vJe%x@Bded

t hese. pepti des general I'y found wi th ‘deam dati on e due to
i ncreased af f i o sgargfto lgfnwam@mﬁ&?ﬁotm?&w@@zdat@a@wncrcémtfpmepydeamﬂhglset T cells

in vivo recog | tides is
possi bl e. I—Iowgg\(/3 lﬁ&g@% eacE segm?ﬁ eg pept(?ﬁggbé@e%)ﬁgﬁg’gﬁ 04273
PCT/ GB2003/0024&6 ideftfiaicimongst g-ghadins g]utmhls Thogdelirls ap@)x;:mdﬂais (A Table Y20, the
epi t ope Corresjg?ulglel chn(ﬁa@eg\las ?@h 511? 7?l’lﬁ§ %5 v1sua1 16 osttl'IxeDt%%gnt and is

general ly recogni zed errphera P cells that
secrete | FNy |ghadm$mmsm(ﬂ@bgﬂa adin after gl uten chal | enge. 5. No

Shat i1 ered qual i e DB O TR T/ e HeP ot HECORmTan: ol i ac
a iffered quali 9 eliac

di Sﬁase Eovxﬁvm}, (opgihpkiesfthe ngmgdtemm)edubﬁxmtm H:Anﬂa@ohl é closd ho@(bl@glugs)ec'[ S

wi t hout ot h HLA- es did not r ize A |a | 73 E65

honol ogues!® TwH"&d %ﬁéﬁé@bﬁs%@gh R erag?r]ﬁ%’am?n belgane {sﬂf‘ﬁer $2 coel i acs.

The dom nant edlh'aﬂé}ﬁ@nﬂ&ehd& sz]@cthTHeh@?l@ad B Amlmzﬂlml s57ha%s et been
identified previ ousl y. QNPSQQQPQ NO 4 G ven the teaching

herein, desigrPnef lawthvwméwémawm&fhaé%lpptﬁataafs@&'é@ STul3i (BeeiaRls al | t he

commonl y recogii s&orifingob). IRRbd QRGhed for H&rﬁ&l%%&@bftﬁ@golﬂﬁynt'ﬁpglﬂdﬂ? fewer
t han six distinct pepti des. Epi't opes in cc-glradins are al so

present 15 i repbapd @Qedﬂiera@@ﬂﬁsfodh@tWGY%”baﬂlﬁdﬁs secEimsnpiddondginsever al  ELI Spot
assays werg, peyfgrged as previously described and yl‘el ded

Design of a set of peptides spanning all possible wheat gliadin T-cell epitopes
In order to identify all possible T cell epitopes coded by the known wheat
(Triticum aestlvum) gliadin genes or gene fxagments (61 o/B-, 47 y-, and 3 w-gliadin
entries in Genbank) gene-derived protein sequences were aligned using the CustalW
25 software (MégAlign) and arranged into phylogenetic groupings (see Table 22).
Many entries represented truncations of longer sequences, and many gene segments
were identical except for the leﬁgth of polyglutamine repeats or rare substitutions.
Hence, it was possible to rationalize all potential unique 12 amino acid sequences
encoded by known wheat genes to be included in a set of 652 20mer peptides.
30 (Signal peptide sequences were not included). Peptide sequences are listed in Table
23.

Comprehensive epitope mapping



the follow ng results and/or conclusions: 20 Exam nation of nultiple
a-gliadin polynor phisnms with PQLPY Potent agonists of A-gliadin 57-73QE

(G01) i ncWOeo3/ULPFPQPELPYPQPQS (GOL), PQL-Y---------- PCT/GB2003/0024830 ( GLO) ,
and PQPQPFL- ----------------- (Gl2). Less potent include
---------------------- L------P (QG04), --s590------ R-------unc-------P
(Q05), and ---------------------- S----- P (Q06). Less potent yet 25 include
-------- L--------- -Heaﬁhy control8 (HGAAPQ2+ n=1); and FEA-DQ8+n~1) wh&had foHewd G08) ,

------------------------------------------- ( 3)
Dashes i ndi cat eglute(ﬁgrse |dfet for4t“f?e]fsh%nd?§)®iha§§g'ﬂ8‘i%c3§?ﬁ}ﬁ“ﬁ*'ﬁ)ézngw FEWRIEF positi o

A uten chal | engaemm;@uteeHLA-DQl’mdmd thréde ABAQBOSX] (seelThide m)IfMI@iflﬁgarongMD vveeks
of 30 gluten-free in new ose coel i ac ddi ti onal

anal yses i ndi c% “?‘Wa%eetdﬁe@"’a@ df:?g g i é’&ldﬁy?é%dp'g?iﬁég Bhalte after two
weeks of gl st egnaflege (Buebod dicastkiindit BgRESHhdCoRisBEy FiseRREE br@dher WO
2003/ 104273 PCT/ GB2003/ 0024 0 66 anal yses i ndi cated that deam dat ed

gl i adi n- speci f F&hfape Fpephsrab bleps (a4at 3Pl ‘B@ZSGV?IE‘%%Y?)%"(S@GHGC@@P%I epi tope

(clones ver Suspé}lp‘ﬂtaﬁﬂbl%lﬂln&ﬁ)ﬂgﬁéaréelﬁ Pﬁm RARLse ﬁaﬁéé thish gyby yIFN
ELI Spot after gluten chall enge. FPQD LPYP % pot response)
Epi t opes def i n&@disyt. |P|B@&WPW31PC“1WGQ:Y¥NP PeQluefdsor 80 SPOI {2y |

PQPELPYPQPELPY, Pe(p%ae@ witt P8y it RS G IFE%B%: mgﬁﬁterférgn %ﬂ; eaﬁgﬁ . anbng

i ndi vi dual peptide responses Dom nance epends eat o wheat ,
dom nant pépt i BeBppiaskaysle peptide nunbers 89, 90 and 91 (referring to

sequence nunbers 'gPe-ngég%ve thgé%edm agc}?ﬁp%@g;pe&%ﬂ&w@ggoggqg i ncl ude

peptide nunbers 36 equence nunbers
in Table 23). Beiwumeptusitds). Apmmudatnlg 06BBicamebl6@Baclr &f6SR LDmegstwas sequence

nunbers in Table 23 o] Lnh bot . an t. In vivo gluten
chal I enge all O%V%ea' Orenf)ﬁ(teropén ldfr:sc‘ﬁ?fe fn(%luf}é&&ee?(ﬂ]r%@%?ggr coeliac 20
di sease The ep(Miop@HNIAHESSQAYLQESTOASeptiderts] sSEMID NORMGRE coel i acs but

di fferent for re e S on t cereal is

consuned. @ﬁéﬁﬁl‘ﬁgﬁg&%@ﬁ &%@%@ 5%38 “%re f“laﬁtﬁré%e MLA- DQ2, DGB,
and DR4 pres efé&erd@ﬁlﬁlséiHPEd apEghindesid séfpém@%@mamwgabﬁ%e@@ﬂhb@c di sease
preferentially 25 present D(%ZO[ associ at ed%fgwl adin epitopes. diadin ep| t opes

are suffici entTogrieprappiestesr SWpaqd S0 £5pp @VOB?PM%S e Biafly gisseluede

t herapeuti cs. in acetonitrile (10%) and Hepes 100mM to 10mg/ml.
The final concentration of individual peptides in pools (or alone) incubated
20 with PBMC for the IFNy ELISpot assays was 20 ug/ml. Five-times concentrated
solutions of peptides and pools in PBS with calcium chloride 1mM were aliquotted
and stored in 96-well plates according to the template later used in ELISpot assays.
Deamidated peptides and pools of peptides were prepared by incubation with guinea
pig tissue tTG (Sigma T5398) in the ratio 100:32 ng/ml for tvx;o hours at 37°C.
25  Peptides solutions were stored at —20°C and freshly thawed prior to use.
Gliadin (Sigma G3375) (100 mg/ml) in endotoxin-free water and 2M urea
was boiled for 10 minutes, cooled to room temperature and incubated with filter (0.2
pm)-sterilised pepsin (Sigma P6887) (2 mg/ml) in HC1 0.02M or chymotrypsin
(C3142) (4mg/ml) in ammonium bicarbonate (0.2M). After incubation for 4 hours,
30  pepsin-digested gliadin was neutralized with sodium hydroxide, and then both
pepsin- and chymotrypsin-digested gliadin were boiled for 15 minutes. Identical

incubations with protease in which gliadin was omitted were also performed.



O her anal yses indicated the follow ng: HLA-DR3-DQ2 (85-95% and HLA-
DR4-D@B (5-15% . O her anal yses indicated the follow ng: 30 HLA-DQ HLA- DQAL
HLA- DQB1 Wocdexmk27a ut en EMA on all el e all el e histol ogpCirGaeogg/asessn (on
G-D) WD 2003/104273 PCT/ GB2003/ 002450 67 CAO 2,6 102/6, 501 201, 602 SVA 1
yr +(-) €02 2,2 501 201 SVA 1 yr +(-) &9P3 2,5 101/4/5, 501 201, 501 PVA 1
yr +(-) C04 2,5 101/4/5, 501 201,501 SVA 7 yr +(-) 5 C05 2,2 201,501

201, 202 SVA 4 Bonpl¢NDjre cEhtfugednt 20 mOQ'gOﬂneﬂﬁfbteaﬂébnSé{ﬁaﬁom fwete es)imate@n 2, 8

T 0 sl brhas P Gl bere SO ROt hob ¥

202,302 I EL 1 yssays(aljquotChof dliaQinSprdidk Gueraddibatc® Qdth ¥EG ind@efHio hEbo:64 no - (ND)
Ci2 8,7 301-3, 505 302, 301/9-10 SVA 2 yr - (-) C13 8,8 301 302 SVA 1 yr +

(+) 15 - Anot h&#Mhna| ysis was carried out to deternine the bioactivity of

i ndi vidual §TG deal@NQﬂ&SboD@@i}'sQBﬁbﬂe& B%&@ Wwerd pbiforiiédRiire6d-wEi glated N
results are as follo uence numbers refer to the ge ptides listed in

Tabl e 23): Squ\éﬁEPeS§5 (Mé’(ﬁ%e) in whigh erheved commingd 25pb glreptde Bitigragd Sequence
3 (779, Sequenggy dr I(Iﬁ\ﬁ&@(il 8xﬁﬁ%ﬁpﬁq{ﬁvﬂ( c%%%mngsl%q’&’ﬁ'é%ﬁagwgé? g%/rgarﬁgguence 7

(49% , Sequence 10 3%, 20 Sequence 4 Sequence 1 guence
11 (0%, SequesffeEn? e{nz@%d PGPS%P@%‘@IQASSGSE@@ onsiqreh EBISpSt (l4i8%nd Sequence
17 (189 Sequ Sequence
I8 (3% Sequengardop iy on doanRanag, s ik (HROUERES A pig op,

pr edi ct ed d@arﬁ)@ihﬂado sraiclag e &l wells n@Em@@@lﬁingZEamidduedf petuides imth&dot

coponeee, b PEN . B 55, s DR B BB mBRE ), ¢ o
06 unique pool in each well), and a series of wells for ¢ control” peptides (peptides all
C O >00% purity, characterized by MS and HPLC, Research Genetics): P04722 77-93
(QLQPFPQPQLPYPQPQP (SEQ ID NO:26)), P04722 77-93 QE85 (in-duplicate)

15 (QLQPFPQPELPYPQPQP (SEQ ID NO:27)), P02863 77-93
(QLQPFPQPQLPYSQPQP (SEQ ID NO:28)), P02863 77-93 QE85
(QLQPFPQPELPYSQPQP (SEQ ID NO:29)), and chymotrypsin-digested gliadin
(500 pg/ml), pepsin-digested gliadin (500 pg/ml), chymotrypsin (20 pg/ml) alone,
pepsin (10 pg/ml) alone, and blank (PBS+/+tTG) (in triplicate).

20 After development and drying, IFNy ELISpot plates were assessed using the
MAIP automated ELISpot,pléte counter. In HLA-DQ2 healthy and coeliac subjects,

B induction of spot forming cells (sfc) by peptide pools in the IFNy ELISpot assay was —
tested using a one-tailed Wilcoxon Matched-Pairs Signed-Ranks test (using SPSS
software) applied to spot forming cells (sfc) per million PBMC minus blank on day 6

25 versus day 0 (“net response™). Significant induction of an IFNy response to peptide
pools in PBMC by in vivo gluten challenge was defined as a median “net response”
of at least 10 sfc/million PBMC and p<0.05 level of significance. Significant
response to a particular pool of peptides on day 6 was followed by assessment of
individual peptides within each pool using PBMC drawn the same day or on day 7.

30 For IFNy ELISpot assays of individual peptides, bioactivity was expressed as
a percent of response to P04722 77-93 QERS assessed in the same ELISpot plate.
Median response to blank (PBS alone) was 0.2 (range 0-5) sfc per well, and the
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Healthy HLA-DQ?2 subjects .
None of the healthy HLA-DQ2+ subjécts following a gluten free diet for a
month had IFNy ELISpot responses to homologues of A-gliadin 57-73 before or after

gluten challenge. However, in 9/10 healthy subjects, gluten challenge was associated

with a significant increase in IFNy responses to both peptic- and chymotryptic-
digests of gliadin, from a median of 0-4 sfc/million on day 0 to a median of 16-29
sfc/million (see Table 14). Gliadin responses in healthy subjects were unaffected by
deamidation (see Table 15). Amongst healthy subjects, there was no consistent
induction of IFNy responses to specific gliadin peptide pools with gluten challenge
(see Figure 30, and Table 16). IFNy ELISpot responses were occasionally found, but
these were weak, and not altered by deamidation. Many of the strongest responses to
pools were also present on day 0 (see Table 17, subjects H2, H8 and H9). Four
healthy subjects did show definite responses to pool 50,and the two with strongest
responses on day 6 also had responses on day 0. In both subjects, the post-challenge
responses to pooI‘SO responses were due to peptide 390
(QQTYPQRPQQPFPQTQQPQQ (SEQ ID NO:30)).
HLA-DQ?2 coeliac subjects i

Following gluten challenge in HLA—DQ2+ coeliac subjects, median IFNy
ELISpot responses to P04722 77-93 E85 rose from a median of 0 to 133 sfc/million
(see Table 4). One of the six coeliac subjects (C06) did not respond to P04722 77-93
QES85 (2 sfc/million) and had only weak responses to gliadin peptide pools
(maximum: Pool 50+tTG 27 sfc/million). Consistent with earlier work, bioactivity
of wild-type P04722 increased 6.5 times with deamidation by tTG (see Table 15).
Interferon-gamma responses to gliadin-digests were present at baseline, but were
substantially increased by gluten challenge from a median of 20 up to 92 sfc/million

for chymotryptic-gliadin, and from 44 up to 176 sfc/million for peptide-gliadin.
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gliadins (see Figure 31, and Table 17). Bioactivity of pools was highly consistent

between subjects (see Table 18). IFNy ELISpot responses elicited by peptide pools

were almost always increased by-deamidation (see Table 17). But enhancement of

10 bioactivity of pools by deamidation was not as marked as for P04722 77-73 Q85,
even for poois including homologues of A-gliadin 57-73. This suggests that Pepset
peptides were partially deamidated during synthesis or in preparation, for example
the Pepset peptides are delivered as salts of trifluoracetic acid (TFA) after
lyophilisation from a TFA solution.

15 " One hundred and seventy individual tTG-deamidated peptides from 21 of the
most bioactive pools were separately assessed. Seventy-two deamidated peptides
were greater than 10% as bioactive as P04722 77-93 QE8S5 at an equivalent
concentration (20 pg/ml) (see Table 19). The five most potent peptides (85-94%
bioactivity of P04722 QE85) were previously identified a-gliadin homologues A-

20  gliadin 57-73. Fifty of the bioactive peptides were not homologues of A-gliadin 57-
73, but could be divided into six families of structurally related sequences (see Table
20). The most bioactive sequence of each of the peptide families were:
PQQPQQPQQPFPQPQOPEFPW (SEQ ID NO:31) (peptide 626, median 72%
bioactivity of P04722 QE85), QQPQQPFPQPOOPQLPFPQQ (SEQ ID NO:32)

25 (343, 34%), QAFPOPQQTFPHQPQQQFPQ (SEQ ID NO:33) (355, 27%),
TQQPQQPFPQOPQQPFPQTQ (SEQ ID NO:34) (396, 23%),
PIOPOOPFPOQPQQPQQPEP (SEQ ID NO:35) (625, 22%),
PQQSFSYOQOPFPOOPYPQQ (SEQ ID NO:36) (618, 18%) (core sequences are
underlined). All of these sequences include glutamine residues predicted to be

30 susceptible to deamidation by transglutaminase (e.g. QXP, QXPF (SEQ ID NO:37),
QXX[FY] (SEQ ID NO:38)) (see Vader et al 2002). Some bioactive peptides

contain two core sequences from different families.
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(A23277, CAA26449, AAG35598), QQPFPQQPQQPFP (SEQ ID NO:40) in barley
hordeins (HOG1 and HORS), and for PIQPQQPFPQQP (SEQ ID NO:41) also in
barley hordeins (HORS).

20
HLA-DQ8-associated coeliac disease

~ Seven HLA-DQ8+ coeliac subjects Wer'e studied before and after gluten

challenge. Five of these HLA-DQ8+ (HLA-DQA0*0301-3, HLA-DQB0*0302)
subj eéts also carried one or both of the coeliac disease-associated HLA-DQ2

25 complex (DQAO0*05, DQB0*02). Two of the three subjects with both coeliac-
associated HLA-DQ complexes had potent responses to gliadin peptide pools (and
individual peptides including P04722 77-93 E85) that were qualitatively and
quantitatively identical to HLA-DQ2 coeliaé subjects (see Figures 33 and 34, and
Table 18). Deamidated peptide pool 74 was bioactive in both HLA-DQ2/8 subjects,

30 but only in one of the 6 HLA-DQ2/X subjects. Pretreatment of pool 74 with tTG
enhances bioactivity between 3.8 and 22-times, and bioactivity of tTG-treated pool
74 in the three responders is equivalent to between 78% and 350% the bioactivity of
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searches using WWW PepPepSearch have identified close matches to

LQPQNPSQQQPQ (SEQ ID NO:43) only in wheat a-gliadins.
The fourth HLA-DQS8 subject (C11) had inducible IFNy ELISpot responses
15 to tTG-treated Pool 33 (see Figure 36). Pools 32 and 33 include polymorphisms of a
previously defined HLA-DQS8 restricted gliadin epitope
(QQYPSGQGSFQPSQONPQ (SEQ ID NO:44)) active after deamidation by tTG
(underlined Gln are deamidated and convey bioactivity) (van der Wal et al 1998).
Currently, it is not known which peptides are bioactive in Pool 33 in subject C11.
20 Comprehensive T cell epitope mapping in HLA-DQ2-associated coeliac
disease using in vivo gluten challenge and a set of 652 peptides spanning all known
12 amino acid sequences in wheat gliadin has thus identified at least 72 peptides at
10% as bioactive aé the known a-gliadin épitope, A-gliadin 57-73 E65. However,
these bioactive peptides can be reduced to a set of perhaps as few as 5 distinct but
25 ciosely related families of peptides. Almost all these peptides are rich in proline,
glutamine, phenylalanine, and/or tyrosine and include the sequence PQ(QL)P(FY)P
(SEQ ID NO:45). This sequence facilitates deamidation of Q in position 2 by tTG.
By analogy with deamidation of A-gliadin 57-68 (Arentz—Hansen 2000), the
enhanced bioactivity of these peptides generally found with deamidation by tTG may
30 be due to increased affinity of binding for HLA-DQ2.
Cross—reactivity amongst T cells in vivo recognizing more than one of these

~ bioactive gliadin peptides is possible. However, if each set of related peptides does
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Given the teaching herein, design of an 1mmunotherapy for coeliac disease
utilizing all the commonly recognised T cell epitopes is practical and may include
fewer than six distinct peptides. Epitopes in wheat y- and o-gliadins are also present

15 in barley hordeins and rye secalins. .

Example 14
Several ELISpot assays were performed as previously described and yielded
the following results and/or conclusions:
20 Examination bf multiple a-gliadin polymorphisms with POLPY
Potent agonists of A-gliadin 57-73QE (GO01) include

QLQPFPQPELPYPQPQS (GO1), PQL-Y P (G10), and PQPQPFL-
----------------- (G12). Less potent include S SR 7",V S
Remmmmmmmmmeeee P (GO05), and S P (G06). Less potent yet

25 include L SereeaP (GOT), S SeemeerP (GO8)), weememmmree

S--S P (G09), and PQPQPFP-~~-uumneaeaemmee (G13). Dashés indicate

identity with the GO1 sequence in the particular position.

Gluten challenge induces A-gliadin 57-73 QEGS5 T cells only after two weeks of
30 gluten-free diet in newly diagnosed coeliac disease
Additional analyses indicated that tTG-deamidated gliadin responses change

after two weeks of gluten-free diet in newly diagnoséd coeliac disease. Other
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of peripheral blood T cells reflect those of intestinal T cell clones. In
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Dominance among individual peptide responses
Dominance depends on wheat or rye. For wheat, dominant peptides include
peptide numbers 89, 90 and 91 (referring to sequence numbers in Table 23). For rye,
15 dominant peptides include peptide numbers 368, 369, 370, 371, and 372 (referring to
sequence numbers in Table 23). Some peptides, including 635 and 636 (referring to

sequence numbers in Table 23) showed activity in both rye and wheat.

In vivo gluten challenge allows T cell epitope hierarchy to be defined for coeliac
20 disease ' |
The epitope hierarchy is consistent among HLA-DQ2" coeliacs but different
for HLA—DQ8+'coeliacs, The hierarchy depends on what cereal is consumed.
Deamidation generates almost all gliadin epitopes. HLA-DQ2, DQ8, and DR4
present deamidated peptides. HLA-DQ2/8-associated coeliac disease preférentially
25  present DQ2-associated gliadin epitoi:es. Gliadin epitopes are sufficiently restricted
to justify development of epitope-based therapeutics. -
Other analyses indicated the following: HLA-DR3-DQ?2 (85-95%) and HLA-
DR4-DQ8 (5-15%).
Other analyses indicated the following:
30 HLA-DQ HLA-DQA1 HLA-DQBI Duodenal Gluten EMA 6n
allele allele histology  free gluten
- (on GFD)
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15 - Another analysis was carried out to determine the bioactivity of individual tTG-
deamidated peptides in pools 1-3 in subject C12. ’fhe results are as follows
(sequencg numbers refer to the peptides listed in Table 23): Sequence 8 (100%),
Sequence 5 (85%), Sequence 6 (82%), Sequence 3 (77%), Sequence 1 (67%),
Sequence 2 (59%), Sequence 9 (49%), Sequence 7 (49%), Sequence 10 (33%),

20 Sequence 4 (15%), Sequence 12 (8%), Sequence 11 (0%), Sequence 23 (26%),

- Sequence 14 (18%), Sequence 15 (18%), Sequence 17 (18%), Sequence 16 (13%),
Sequence 14 (8%), Sequence 22 (5%), Sequence 18 (3%), Sequence 19 (3%), |
Sequence 20 (0%), Sequence 21 (0%). The predicted deamidated sequence is
LQPENPSQEQPE. '

25
Individual ELISpot responses by PBMC (Spot forming cells determz'necf by ELISpot

Reader)
Peptide (see Table 23) -C01 €02 C03 CO04 CO5
65 16 2 1 2 3

30 66 32 6 13 0 6
67 ] 16 3 0 4
68 25 8 4 2 2



5 Epitope sequence: QQPFPQPELPYPQPQS Lysine substitution at positions
57-59 and 71-73 showed little to no decrease in %A-gliadin 57-73 QE65
response. whysdiw4zabsti tuti on at positions 60-61 and 69PCTHGERAGMWMIDder at e
decrease in % A-gliadin 57-73 QE65 response. Lysine substitution at
positions 62-68 showed nost decrease in 8 A-gliadin 57-73. QE65 10 response.
Exanpl e 17 Table 24 shows the results of anal yses exam ning the 652
peptides with 68everal patients chal |l dhgedOwi t hOwhedt or rye. 15 References
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cell response to alpha-gliadin in adult celiac disease is focused on a WD
2003/ 10427% PCT# GB2003/ 002450 772ki ndl e déami dat ed Yyl ut ani ne targeted by
A “van der vél ** Kooy VNG, Benckhut) sen W fari g M.~ 5 Drijfhout JW van
Vée!ep P,_Konih@ F. Specfficity of tissue Drans@lutéhinase expl ai ns cer eal
Kooy Y. van Vedl an P, Pena S Moalin L Pagadopbulod G Koning o
Sel ective deanBzlation by tissue t3ansd utadi nas2 strongly enhances 10
gliadin-specific T cell reactivit J Jmmunol . 1998; 161:1585-8. 14. van
der Wal Y,%koo§§ ﬁ%na:% &L Mblberg 0, Lundin

3

Y, van Veel an P, arin
84 ‘ 0 0 0
85 14 1 2 1 2
86 11 0 2 0o 2

20 Cross-reactivity
To deal with data from 652 peptides in 29 subjects, or to determine when a
particular response is a true positive peptide-specific T-cell response, or to
determine when a response to a peptide is due to cross-reactivity with another
structurally related peptide, expression of a particular peptide response can be as a
25 percentage of a “dominant” peptide response. Alternately, the expression can be a
“relatedness” as correlation coefficients between peptide responses, or via

bioinformatics.

Additional epitopes ‘
30 A representative result is as follows:
Combination of peptides with P04722E (all 20mcg7ml) (n=4)
Alone P04722E+



KEA, Sollid L, Miutis T, Benckhuijsen WE, Drijfhout JW Koning F. Proc Natl
Acad Sci USA 1998; 95:10050-10054. 15 15. Vader W Kooy Y, Van Veelen P et
al . The gwot2ees/roezponse in children wth celiac di seas@CrsENoxmeed t owar d
multiple gliadin and glutenin peptides. Gastroenterol ogy 2002, 122:1729-37
20 16. Arentz-Hansen H, McAdam SN, Mol berg O, et al. Celiac lesion T cells
recogni ze epitopes that cluster in regioffs of gliadin rich in proline

resi dues. Gastroegt rolo 2002, 123:803-809., 25 Each of the PCT

publi cati ons, @F’E.Zgaten , ot her patelﬁtSS, journal references, and any

ot her publicatimagog tedigpr referred tggherein is incorporated herein by
reference in their entirety. WO 2003/104273 PCT/ GB2003/ 002450 78 Table 1.
A-diadin protéllsequente (based on &% no acid sequencing) VRVPVPQLQP
QNPSQQQPCQE Q\/Pl(y (ﬁm YPQPQPFP SQQPYLQLQP FPQPQLPYPQ 5 1 11
21 31 41 51 61 FPP QP QOPI SQRRAQ QRRRAARAAQ QQQA LA LQ

QQLI PCVDVWV  BQOHBARAPRQQPQQBQQIFPQRQAQRAPW 121 131 SQVLQQRSTYQ LLQELCCQHL

W PEQSQCQ Al H%?%%%lg REHERRR VSFQQP LQQYP LGQGS 141 151 161 171
181 191 201 10 M QESVOPO (FEEI RNLAL QTLPAMCNVY | APYCTI APF

G FGTN 211 221 231 241 251 261 Table 2. Coeliac di sease subjects studied
Age G uten HLA-DQZ Bread. Synptons Sex free diet challenge with bread 1
64 f 14 yr Honpbzygote 3 days Abdom nal pain, |ethargy, nouth ulcers,

di arrhoea 2 . SITG-Aeaigatiohlef paptdy/epst(a=12) days Let hargy, nausea 3 35 f 7
yr Heterozygote. 3. day usea 4 36 in 6 wk Honpbzygote 3 days Abdom nal

pai n, nout h% uﬁg(épg"?%d%rrhoea

TTG =170%

Substitution at particular positions

Substitution of Peptide 626 PQQP[Q1]QP[Q2]QPFPQP[Q3]QPFPW(n=12)

15 Glu Arg
Q1 95 90
Q2 145 80
Q3 155 10

(expressed as percent wild-type peptide)
20
Bioactivity of tTG-treated 15mers spanning Peptide 626/627

(PQQPQQPQQPFPQPQQPFPWQP) (n=8)

P1-15 5
P2-16 4
25 P3-17 3
P4-18 38
P5-19 65
P6-20 95
P7-21 65
30 P8-22 90

(expressed as percent of maximal 15mer response)

RECTIFIED SHEET (RULE 91)



5 26 m19 yr Heterozygote 3 days None 6 58 m 35 yr Heterozygote 3 days
None 7 55 in 1 yr Heterozygote 3 days Diarrhoea 8 48 f 15 yr Honobzygote 3
days Abdwoized/10427ai n, di arrhoea 15 WO 2003/104273 PCT/PGBAOR8000D24580 79
Am noacid 'at position 65 Range Mean d utamate (100) 100% Asparagi ne
(50-84) 70% Aspartate (50-94) 65% Al ankpne (44-76) 64% Cysteine (45-83)
62% Serine (45-75) 62% Valine (24-79) 56% Threonine (46-66) 55% dd yciae
(34-47) ' 40% Midude gaiop8: 46) 33% d utamae (16-21) 19% | sol euci ne (3-25)

14% Met hi oni ne (3 (0-33) 12% Histidine (0-13) 8%
Tyrosine (0-17), 8% 82?2%% %ﬁgﬁaﬂéﬁﬁy@@% Lysine (0-11) 4% Proline
(0-4) 2% Arginine GMGJPQQﬁ@QP@QBFmeFPWSponse Pepti de sequence

. Correspondi ng residues in_gliadin PI%rot el n_sequences (Accession no.) to TG

TG Q_QPFPQPQ_PYPQPQM@W#@“&P?;QP&Q PRFQQEEEW vun) Q41545 100 (100)

QL QPFPQPELPYPQPQS 5% mﬁ@mﬁ‘na@a&t@@eﬂeﬁ&ﬁ of PEM Uﬁ@ad%@ﬂ@w&%n@()&ﬁanﬁiﬁ? 67)
QL QPFPQPQLPYSQPQP 77- 9 a/lli-diadin precursor (Tricetum aestivu P02863

76-92 a-d i adi A% mte%@éﬂv [erletpd B 53 dSppy regpongesavhifinpnuionegrgtic gedetisnn (T,
aestivum Q4153EPBMC by beads coated with anti-CD8 or anti-alphaF integrin. Thus, the PBMC

secreting IFNy are CD4+ and 047+, associated with homing to the lamina propria in
the gut.

10 - Blocked by anti-DQ antibody but not by anti-DR antibody in heterozygotes
and homozygotes for HLA-DQ2. This may imply multiple epitopes within one

sequence.

T cell epitopes in coeliac disease

15 Other investigators have characterized certain intestinal T cell clone epitopes. See,
e.g., Vader et al., Gastroenterology 2002, 122:1729-37; Arentz-Hansen et al.,
Gastroenterology 2002, 123:803-809. These are examples of epitopes whose

relevance is at best unclear because of the in vitro techniques used to clone T cells.

20 Intestinal versus peripheral blood clones '

" Intestinal: 1) intestinal biopsies, 2) T cell clones raised against peptic-tryptic digest
of gluten, 3) all HLA-DQ2 restricted, 4) clones respond to gliadin deamidated by
transglutaminase. ‘

Peripheral blood: 1) T cell clones raised against gluten are HLA-DR, DQ and DP
25 restricted. Result: Intestinal T cell clones can be exclusively used to map coeliac

disease associated epitopes

GDA_9Wheat 307 aa Definition Alpha/Beta-Gliadin MM1 Precursor (Prolamin)
Accession P18573 -- Genbank (which is incorporated herein by reference in its

30  entirety)

Intestinal T cell clone epitopes



57-73 a-diadin mature peptide (T. aestivum 1533 77-93 a-diadin
precursor (T. spelta) QZP09 2 (0-20) 83 (61-113) Q QPFPQPQLPYSQPQP 77-93
al p- d i adwo 2031048ecur sor (T. aestivunm) P0472 9 (0-33) P8I/EB2403002450
QQPFPQPQLPYPQPQL 77-93 a/p-Gdiadin A1V precursor (T. aestivum P04724
77-93 alp-diadin Mvii precursor(T., aestivun) P18573 (0-7) 109 (41-152)
PQLPYPQPQLPYPQPQP 84-100 alp-diadin A-1V precursor (T. aestivum P04724
1D PQLPYPQPQLPYPQPQA d8asifi@ofahipstiahi Bickllreldn¢fepivdpes (pnebe Uo1s@fin, (fIr exa@ple] vum

ot yury “roarBee Bl N RO RE a2 8 chbdiusidy B cor > (7

QLQPFSQPQL PYS@@HlﬂQ;ntﬁﬁes&ﬁﬁﬁeﬁdiaﬂT séInsla@e. Iapidied QUQPRPEPQIPYN) 241530 1D
PQPQPFPPQLPYPQT /p-Qiadin A1l Qg)r ecursor (T. aestivu P04723 7

(0-40) 24 (11- OP%QES d8ipeepstrnas »f O8 QRFBQEFLRY Theenis pp HEArRQ? (T.
aestivum P@47?@5&@&&1@7&39})1101(%@%3&&3%0@%@ CERAR Yﬁ%lﬁ&ngﬁcﬁhp diadin

cl one PW21S precursor . aestiv P04726 82-98 alp-diadin (T. urartu)
Q41632 0 (0- 30¥QBRELY SB@}Y @@@F@am@@@ Trglighngyregyond ¢h sitheVane PW8142
precursor (T. tdivon) PR, 79 estrvurr) 41529 79-95
a/lp-diadin pr g%r sorﬂ%T ae%%\(/un%)é%&lﬁpgw%%ﬁﬁﬁ 2003/ 104273

PCT/ GB2003/ 002450 80 Table 5. T cell epitopes described in coeliac disease
Source Restri Cbbﬂﬂmﬁg@ﬁ%ﬁz@é’ell@?ﬂé&ﬁpce* Gamma -gliadin DQ@2 3/ NS (i TCO)

QQLPQPEQPQUSFPEQERPF © Al 12/17 (i TCL) QLQPFPQPELPY
Al pha-gliadfn @@@emﬁ@dw W@gltlﬁ@EEPYPQDELPY Al pha-gliadin DQ@ 1/23

EQ%\E%%BEESFQDSEE%X%@;%? rﬁﬁ%ﬂg ]it%ll %%%&%%;%@ Al pha-gliadin
D2 11/12 in VQJLQPI*X(QPEIBQQEDMQD@ NS not slt at eld i In or: gi nal I pu:ol i cat |bon
CToo : T : . i ToC
peri phor ai bl - P I oof o RRR T of R Bt e sy b dfiel §pobel b0
transgl ut'am nase m)dl fyr ng WI | d type gluten peptides except the fourth and

sixth peptrdes Tab ive E{{oactrvrty of gliadin T cell epitopes in

|
coel i ac PBM a ft@VZ”GFTufeé% o ff’fé’ﬂ@ aPEEfuence* ELI Spot response as /0
A-gliadin 57-73-GkRms(alA1 25mcg/ m ) Vepgrdype WI dtype+t TG E-substituted

QQL PQPEQPQQSFPEQERPF 9 (33 18 (7) 10 (522 %gFP QPELPY 6 (2) 19 (1) 8 (3)

A3 PYPQPQLPY
Glia-20 PQQPYPQPQPQ
20 IGliadins Gl PQQSFPQQQ
| G2 IIPQQPAQ
G3 FPQQPQQPYPQQP
G4 FSQPQQQFPQPQ
Gs LQPQQPFPQQPQQPYPQQPQ
25 Glu-21 QSEQSQQPFPQQF
Glu-5 Q(UL)PQQPQQF
Glutenin  Glt-156 PFSQQQQSPF

Glt-17 PFSQQQQQ

30



. PQPELPYPQPELPY 13 (6) 53 (8) 48(9) QQYPSGEGSFQPSQENPQ 10 (3) 9 (3) 14
(8) QQPFPQPELPYPQPQS 18 (7) 87 (7) 100 PLLPYPQPELPYPQPQP 14(4) 80 (17)
69 (20) *weequxnerz3refers that of transgl utam nase (t TGPCruEB20032W2456pt | de
and the T cell epitope. WId type is the unnodified gliadi peptide. Data
from4 subjects. Blank was 5 (1) %. WO 2003/104273 PCT/ GB2003/ 002450 81
Tabl e 7. Pol ynorphi sns of A-gliadin 57-73 A Sequences derived from Nordic
aut utm wheat sGhl@dnrmMsael andrindbk tivenf GF N ackcretipg S @iadin( S+ T8Q) A8 5spacifr T code

refers to Fig P F;g ynor phi sm 41545 A-gliadin (from sequenced
prot ei n) 57-73“% R{é@’if YPYPOPQs Qi alpha 1,6: (EMBL: AJ133605 &

AJ133602 58-74) (J)UW%&@B&P@@IIOV@&by@lﬁé}ﬁfr& d_‘iet5or lgﬁl\%lg Weéﬂ'v%f?’GOG
AJ133607, AJ13 7-7 Y. al pha
AJ133604 57- 73Y° d5 ‘a%ﬁ)ﬁbéﬁéﬁ‘%{wgés ?O%gd% fi °W9d by glutep lf;fﬁBﬂ_let) (F)
@@Egg%gﬁéfg@ Rbsultat Dhl%tl&QR@gT ghEB{BI;d e_:l_e ﬁ%ﬁ@ mgoo’i{ezsf)@s?s c])cn day OI gi

an scan or “gliadins
(?(;S[Dal ni ng the® %&ﬁéﬁ?@“‘teﬂﬁé;%@ww S\WFat( reﬁtﬁFsleﬁiPI@EFﬁﬁi &8 HN%um unl ess
stated) gliadig e@ﬁ@%ﬁﬁg/@ﬂhmcfol ynor phi sm Q41545 A-gliadin (from
sequenced protein) FPQPQLPYPOPQS S W SSPROT: GDAO VWHEAT

P02863 77-93 (F) Q.boerb b ( 4 gémb (1 @)ﬁ(eqks EAVesgAYR1 77-93 (G
WEAT P04723 77-63 g’gjﬁ%@;ﬁ@é&@@ R e i e 703 (O
QLQPFPQPQLFYPQPQL Y 2VPmAtfor Zn @wdm@nq KNYEEDLEpAP QRO ROREER 0
o P proecLPvciBets SRRy P SHRTRES B i BRAERR ©2 8 (P
GDA9_WHEAT P18%H®B/17illiocdPPBEIC)QL QDFPQDQ_ PYPQPQL GDA9_ WHEAT P18573 84-100 (L)
G500 AL, o1 AT () R B S e o
76-92 (F)° Q_QDFPQDQ)RYS@@:‘(O) 1 week (67), 2 weeks (40), 8 Weeks (60)
15 Result 3: Duration of gluten free diet and IFNy ELISpot responses on day 0
and day 6 of gluten challenge: A-gliadin 57-73 P65 (results expressed as IFNy
specific spots/rrﬁilion PPBMC) ‘
Day 0: none (1), 1 week (2), 2 weeks (1), 8 weeks (1)
Day 6: none (0), 1 week (0), 2 weeks (0), 8 weeks (0)
20 Result 4: Duration of gluten free diet and IFNy ELISpot responses on day 0
and day 6 of gluten chall¢ng6: PPD (results expressed as IFNy specific spots/million
PPBMC)" |
Day 0: none (90), 1 week (88), 2 weeks (210), 8 weeks (150)
Day 6: none (0), 1 week (100), 2 weeks (210), 8 weeks (100)
25 Result 5: Duration.of gluten free diet and IFNy ELISpot responses on day 0
and day 6 of gluten challenge: tTG (results expressed as IFNy specific spots/million
PPBMC) '
Day 0: none (5), 1 week (4), 2 weeks (3), 8 weeks (2)'
Day 6: none (0), 1 week (4), 2 weeks (1), 8 weeks (2)
30

Gluten challenge in HLA-DQ?2 coeliac disease on long term gluten



Q41529 ALPHA- GLI ADI N 79-95 (M POPQPFLPQLPYPQPQS Q41530 ALPHA- GLI ADI N
77-93 (H QLQPFPQPQLPYSQPQP Q41531 ALPHA- GLI ADIN 77-93 (F)

QLQPFPQPQUBYBQPQR73 Q41533 ALPHA- GLI ADI N 57- 73 (F) QLQPFPOPQURVEARGR0 Q41546
ALPHA/ BETA- GLI ADI N 79-95 (M) P P PFLPQLPYPQPQS (41632 ALPHA/ BETA- TYPE

GLIADIN. Triticumurartu 82-98 (P) P P PRPPQLPYPQPPP (QQZP09 ALPHA- GLI ADI N
Triticumspelta 77-93 (F) QLQPFPQPQLPYSQPQP WO 2003/ 104273
PCT/ GB2003/ 002450 8Rard@diati&h ofBhegtiddivT eyl REpdstsis datie@duMapbisietal Of

A-gliadin 57-7 65 (Subs conpared to unnodified A-gliadin 57-73 QE65
(G (rmean 1000)511"%%@& Gggéfli%&)daﬁﬁ@t%%ﬂ%ﬂ% peptide, bl) (mean 7.1% 95%
Cl: 5.7-8.5) Srbsit'l: PAVE DS 63 Sighsin Sukn ¥iSe GeSpRelculitBn WethEnSEhat DX P vs G
P vs bl Super-agonists F62 71 0.001 H62 47 <0.0001 N66 24 <0.0001 Y61 129

<0. 000 V63 70 4 -Booertibegty) expessedan’p ipghition) <0. 0001 1 Y70 129 0. 0006 S69

70 <0.0001 N63 47 <BrOGHE_J st . : 68 47
<0. 0001 V65§\|23 <0. Oggl'(wé 09%38%&%%/{%@@?%),%@%@%0% &ﬁEngSOjgcgglgg(%o 66 23

<0.0001 K57 1HRD 6 npg/mpf80)69 <0. 0001 D68 46 <0.0001 H67 22 <0.0001 Y59 117
0.04 T62 69 <0.0001M69+4G 1< 2, < } L61 69
<0.0001 G863 45 <0.00 1%5 hﬁ%ngg&%ﬁg%ﬂC§7%§%nggé75§§%§§%9§gmg§23601 V64 45
<0. 0001 F67 21PRD500@Mml (K8 114 0.08 T61 69 .<0.0001 E61 45 <0.0001 W6 21
<0.0001 Ws9 110 O. 3 / < 4 < 01 A73 109
0.24 MB6 68 <0_000lﬁé%ﬁ94§§@gﬁ%38§9%gé9%15§598@%§@F@§§a§%§mdgg£%T69 67
<8'888i Fggogidq%ﬂ%ﬂﬂﬂdgéﬁpﬁﬁdK0.0gOé Ggg 18800.34C§60 66 <060001w€24232
<0. <0. ; . Si . 6 . O

<0. 0001 <0. 0001 v@89%ﬁﬁgﬁ?dgéhéTﬁ%%*ggbogﬁﬁaﬁggg%inzgﬁégﬂi9ﬁﬁg%%b <0. 0001
<0.0001 A59 104 0. AE dBEAtiE5 1RO RUHINAGE320)1A 50210 671-7T 659 (89), #0081 0. 003

K72 104 0. 65 I\/H 64 <0.0001 F69 41 <0.0001 A66 19 <0.0001 <0.0001 S59 103
0.76 Q1 64 <0 Bo1 N68 40 <0.0001 164 19 <0.0001 0.0003 K73 102 0.8 61

64 <0.0001 V66 40 <ODQQEHetRa3iTiRglidind36X10650A QBdin 5ATE ni@@)g,q?ﬁinﬁﬁ3 64

<0. 0001 H69 40 <0.0001 W67 19 <0.0001 <0.0001 Y60 101 0.96 L62 60 <0.0001
MB9 40 <0. dd01(I1RE8 18 <0. 0001 <0.0001 A72 100 0.94 168 60 <0.0001 R69 40
<0. 0001 H64 18 <0.0001 <0.0001 S63 98 0.67 S67 59 <0.0001 W9 40 <0.0001
W64 18 <0.0001 0.0001 :

Therapeutic peptides include, but are not limited to
QLQPFPQPQLPYPQPQS (AGO1)
QLQPFPQPQLPYPQPQP (AG02)
20  QLQPFPQPQLPYPQPQL (AGO3)
QLQPFPQPQLPYLQPQP (AG04)
QLQPFPRPQLPYPQPQP (AGO5)
QLQPFPQPQLPYSQPQP (AGO6)
QLQPFLQPQLPYSQPQP (AGO7)
25 QLQPFSQPQLPYSQPQP (AGO0S8)
QLQPFPQPQLSYSQPQP (AG09)
PQLPYPQPQLPYPQPQP (AG10)
PQLPYPQPQLPYPQPQL (AG11)
PQPQPFLPQLPYPQPQS (AG12)
30 PQPQPFPPQLPYPQPQS (AG13)
PQPQPFPPQLPYPQYQP (AG14)
PQPQPFPPQLPYPQPPP (AGO15)



K59 96 0.46 N61 59 <0.0001 Q69 39 <0.0001 Q65 18 <0.0001 0.0002 160 96 0.5
169 59 <0.0001 L67 38 <0.0001 F64 16 <0.0001 0.0008 G70 95 0.41 V61 58

<0. 0001 K&O 28&/10@20001 L65 16 <0. 0001 0.0022 D65 95 0. 2¢TOE20E024500001
K62 38 <0.0001 N64 16 <0.0001 <0.0001 E70 93 0.27 E60 57 <0.0001 E67 37
<0. 0001 F65 16 <0.0001 0.12 163 92 0.197A61 57 <0.0001 L69 37 <0.0001 Q67
15 <0.0001 0.0012 S60 92 0.23 Q62 56 <0.0001 S64 36 <0.0001 MB5 14 <0.0001
0.015 P59 88 0.08 F68 56 <0.0001 G62 36 <0.0001 D66 14 <0.0001 0.013 MB3
87 0.03 N65 56.<0,0001 E69 .36 <0.0001 RGZ .14 <0.00Q01 0.002 K71 85 0.047
A62 56 <o.0001BE%§Y§%”28;686ﬁD SnESoRPEHEIRHS PP @b@oﬂg§C§§r@@$6001 V67
35 <0.0001 P63itb3e cfn®O@dl Dedlilconed. 10 p&thhbralistodd pifBes<F 10 PHhaD6Z 135 <0. 0001
E64 12 <0.0001 0.053 161 .83 0.01 R61 53 <0.0001 R68 34 <0.0001 W5 11
<0.0001 0.24 96885 Yorpligalseararsd ipAphadin 663 RE620vugvis amepimal u<0. 0001
0.15 E59 81 OgRbinGdop <0.0001 A67 33 <0.0001 C66 11 <0.0001 0.07 Parti al
agoni sts N69 51 <0.0001 N62 32 <0.0001 R65 11 <0.0001 0.26 Ws1 79 0.002
E63 51 <0.0001 F66 31 <0.0001 Y67 10 <0.0001 0.13 A60 78 0.002 T64 51

<0. 0001 E62 31psfnPRQs E66 10 <0.0001 0.17 Y62 78 0.006 T67 51 <0.0001 D69
31 <0.0001 K66 10 <0.0001 .0.21 G60. 77 0.003 Y69 50 <0.0001 D67 30 <0.0001
R66 10 <0.0001 0. 23ELIRpet ayay wom3pE 3w owtfon0@pingimRees<d fgRes. K67 10

<0. 0001 0. 11 N ARS A9 <0 6628 <0.0001 P65 8 <0.0001
0.57 QB0 76-o%%%TZ&%Tgﬁggggvéggfﬂfg%gﬁggg%Q%ggi K64 8 <0.0001 0.82 L63 74
0. 0002 1661249 Seqwoe sf65 26 <0. 0001 KBG-Beated sofOdcedsB3 162 74 0. 0005 T68

Yoa 25 <0. 0001 TOL IS o HiRRE 78 SvReR BT 00T v 72
<0.00P1 858Aﬁ§ <0.?001 T66;25_<0igog%_¥g&2@ﬂﬁ£§ﬂﬁﬂ%ﬁ%ﬁ§ﬂmﬁBﬁggBEE?%ggg 83
?elggnge by su%ggﬂ§§#%ﬁ%¥§¥gggﬁgvé? A-g|ﬁgﬁﬁﬁﬁgghﬁ%ké§§@/ ubst) (P is

significance | SRJLQRRNASQOQRQEQVY @6t ) . AYPOLEIPQAHSQOMBQ f Phoagoni st) of

pepti des npared to A-gliadin 57-73 QE65 al so shown. Subst ' %
| nhi bit. P?A)agoni st. Subst %I nhibit. P'%PMSQQQR%W sts 65R 13
0.18 11 65T 28 VPAWPEHRPIHAEF @V 160014 QLQPQNPSQQQPQEQ / 95
VPQLQPQNPSQRQPQEQV / 1 LQPQNPSQQQPQEQV / 30
QPQNPSQQQPQEQVP / 4

VPQLQPQNPSQQQPEEQV / 71
20 VPQLQPQNPSQQQPREQV /27 DQ8 Gliadin Epitope
GDA09 202Q / 6
VPQLQPQNPSQEQPEEQV /81  GDA09 202E / 83
VPQLQPENPSQQQPEEQV /2 GDA09 202Q+TG / 17
VPQLQPENPSQEQPQEQV /6  BI+{TG/0 |
25 VPQLQPENPSQEQPEEQV /5  BI/O0

Fine-mapping dominant epitope (2)

Pool 33 (deamidated) / sfc

A2b3 301 qqyp sgqg ffqp sqqn pqaq / 2
30 A2b5 301 qqyp sgqg ffqp fqqn pqaq/ 1

A3al 301 qqyp sgqg ffqp sqqn pgqaq /0
A3b1 301 qqyp ssqv sfqp sqln pgaq/ 0



67M 27 0.0052 29 68P 13 0.16 26 64W26 0.007 18 63R 13 0.19 19 67W25
0.0088 19 66G 12 0.19 11 Potential antagonists 65Q 12 0.2 18 671 24 0.013
10 65Y 12w0.28@/i042787Y 24 0.013 21 66S 12 0.22 22 64G 2PCO/@B0@31008458 11
0.25 21 64D 21 0.029 16 66R 10 0.29 10 65L 20 0.046 26 67K 10 0.29 10
66N 20 0.037 24 64F 10 0.29 16 651H 20 € 038 16 65F 9 0.41 16 64N 19 0.05
16 63P 8 0.42 13 64Y 19 0.06 25 65EK 8 0.39 25 66Y 19 0.048 28 64Q 7 0. 49
11 64E 19 0. 049b220564dyp5sdd sbqrdyiqn 634 /28 0. 058 30 68K 5 0.56 19 67H 18
0.052 22 67Q 5 Ogé 18 Non-int a%glgli st/§ 65G 5 0.62 15 65V 17 0.07 23 64M 4
0.7 20 651 17°%%08b SHPEEN HISGUEEPD3/ 266 T 17 0.069 25 66E 3 0.76 10 65W
15 0.11 11 66DANLO3® fp sqyakslahSsty g3l A2 63K 1 0.88 23 65P 15 0.13 8 64H 1
0.93 18 65K 1% 01%%98 66K 0 0.98 10 66W 15 0.12 21 64K -2 0.88 8 67G 14
0.14 19 64L - 118! 9§ 58P sBRIAYEHIRIMI{6 Tabl e 10. Inhibition of A-gliadin
57-73 QE65 interferon gama ELI SPOT response by peptides known to bind
HLA-DQ2 (P is significance level in wunpaired t-test). 20 Peptide %
Inhibit. P TPEMmRIe16001 HLAIa 0 0.95 WO 2003/ 104273 PCT/ GB2003/ 002450

84 Bioactivity of gliadih epitopes in IFNy-ELISpot (25 mcg/ml, n=0) (expressed as % A-
gliadin 57-73 QEGS response) »
DQ2-AIL: wild type (WT) (4), WT +tTG (52), Glu-substituted (52)
10 DQ2-AI: wild type (WT) (2), WT + tTG (22), Glu-substituted (28)
GDA09: wild type (WT) (1), WT +1tTG (7), Glu-substituted (8) |
A-G31-49: wild type (WT) (2),.WT + tTG (3), Glu-substituted (0)

Dose response of A-Gliadin 57-73 QE65 (GOIE) (n=38) (expressed as %GOIE
15  maximal response)
0.025 mcg/ml (1), 0.05 mecg/ml (8), 0.1 meg/ml (10), 0.25 mcg/ml (22), 0.5
mcg/ml (38), 1 meg/ml (43), 2.5 meg/ml (52), 5 meg/ml (70), 10 meg/ml (81), 25
mcg/ml (95), 50 mcg/ml (90), 100 meg/ml (85).
IFNY ELISpot response to gliadin epitopes alone or mixed with A-gliadin
20 57-75 (GO1E) (all 50 meg/ml, tTG-gliadin 100 mcg/ml, PPD 5 mcg/ml; n=9)
(expressed as % GO1E response)
Alone: DQ2-A1 (20), DQ2-A2 (55), Omega G1 (50), tTG Gliadin (80), PPD
(220), DQ2 binder (0)
- GO1E+: DQ2-A1 (90), DQ2-A2 (95), Omega G1 (100), tTG Gliadin (120),
25 PPD (280), DQ2 binder (80)

Effect of alanine and lysine substitution of A-gliadin 57-73 QE65 on IFNy ELISpot
responses in individual coeliac subjects (n=8)
Epitope sequence: QLQPFPQPELPYPQPQS
(30 Alanine substitution at positions 57-59 and 72-73 showed little to no
. decrease in % A-gliadin 57-73 QE65 response. Alanine substitution at positions 60-
62 and 68-71 showed moderate decrease in % A-gliadin 57-73 QEG65 response.



Tabl e 11. Antagoni smof A-gliadin 57-73 QEG5 interferon gamma ELI Spot
response by naturally occurring polynorphisnms of A-gliadin 57-73 QE65 (P
i s signi fwoanexiohezsel in unpaired t-test). A-gliadin 5PCTEGEREGH02450

pol ynor phism % I nhibit. P P04725 82-98 QE90 POPQPFPPELPYPQPQS 19 0. 009
41509 77-93 QE85 QLQPFLQPELPYSQPQP 11 0745 di a 1,6 58-74 (QE66
QPQPFPPPELPYPQTQP 11 0.11 P04723 77-93 (QE85 POPOPFPPELPYPQTQP 10 0.14 di
a 3-5 57-73 QEAHRnQIeGPFROEEL SYBCHQR 63-€. BdwedPNaB 6 rdge B @EGmdin 57-73
Q_QDFPQDELPYS%%S% % 41509 77-93 QE85 QLQPFLQPELPYSQPQP 6 0. 41
P04727 79-95 (3%8% LPELPYPQPQS 6 0.39 P04726 82-98 (QE90
PQPOPFPPELPYPQPPP 5Effeet 3f 1y51nH\@ﬂﬁﬁtﬁiﬁaSrﬂﬁ4iQEBadBG7 EBRBESBIREH ISgEe Tabl e 12.

Prol am n honol oques of 73 cl udi ng al pha/ bet a-gli adi ns
Prol amin Accesgg%%s?fdﬂﬂ@}‘%g‘ég gﬁ%cesu%eﬁf' é’a? Gi vi tyg V@eat -a- glgl adi n :
A-gliadin (57- Eﬁ)op@séaaﬁmtﬁFMPMP@@ Wheat : co-gliadin AAG 17702
(141-157) PQ ..ot e e ey P 4) Barley:

C- hor dei n Q40055 ( 16&Hsspstitutiogsppysitions ?7. 59 %f%d]l%ﬁhwezd littlé to no decrgise. 3 (2. 0)
Wheat y- gl i adi nipP2 W2@122d(:96~ ’ﬂ31(§E65 1es ﬁpgfsme substitution at posm%ns 60-61 £14Q92- 1 (4. 2)
Rye: secalin %3639 335-351) ... QPSPQ ...............F ... ... . Q
1.6(1.4) Bar

0 (1.8) V%mgtlmﬁé%‘t gbés&&l@ %ﬁmﬁ’lﬁ%‘é n(o@he%?&se in % A- ﬂﬁd’P 5773 QB6S 0409

LQ..QPIL............ .Q. Wheat : ut eni

(718-734) nse. ... SGQGQ?P 6 4 (4 0) V\heaty gl i ad| n P04730
(120-136) ... QCCQQL...... ... QBRYQ 0.7 (0.9) Weat: LMNgluten in P10386
(183-199) ...QCCQQL...... I ...QXRYE -0.7 (0.5) Wheat: LMNglutenin 049958
(214-230) ...QEgraplel7. .. .EQSRYD -1.1 (0 3) Barl ey: Bl-hordein P06470

(176-192) . QCCQQL- . ordei n Q40026
(176- 192) Qocoqr 2ote 24 ?’lﬁo’é‘ﬁ&ggiﬁhg’%’ ?%geé mn eﬁ&?%’ypt}% ﬁibressed as
100x( spot for n¥engrabmitics vhalltngee pith dehe@oneyg! m pI us tTG 8ntg/ M m nus

bl ank) /(spot formng cells with A-gliadin 57-73 25ncg/n plus tTG 8ncg/

m nus bl ank% (mean (SEM, n=5). Peptides were preincubated with tTG for 2h
37C. Note, Qis deamdated in A-gliadin 57-73 by tTG 5 WD 2003/104273

PCT/ GB2003/ 002450 86 Table 13. dini % %e details of coeliac subjects.
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HLA- DQ HLA- DQAL1 ][I LA-DQB1 Duodenal duten free EMA on gluten alleles
alleles histology (on GFD) CA 2, 6 102/6, 501 201, 602 SVA 1 yr + (-) @02
2, 2 501 wOoRo®MWMLI3yr + (-) CO3 2,5 101/4/5, 501 201, 5@CTRBR0 /002456 ( -)
Q04 2,5 101/4-5, 501 201, 501 SVA 7 yr +(-) (€05 2,2 201,501 201,202 SVA 4
m +(ND) Q06 2,2 201,501 201,202 SVA 2 yv + (-) CO7 2,8 301-3,501 201, 302
SVA |l yr +(-) @08 2,8 301-3, 501 201, 302/8 SVA 11 yr ND (-) Q09 2,8
301-3, 501 201siage d@widRgl ghtaming tdrgetdify tBsueBradfplytarBddse3 JEAR Med0200EL 1 yr +
(-) Cl1 6,8 102/@®33Q1-3 602/ 15,302/8 IEL 9 npo - (ND) Cl12 8,7 301-3, 505
302, 301/9-10 SVA 2 yr - (-) C13 8,8 301 302 SVA 1 yr + (+) SVA subtotal
vill ous atrophi2. VPdér p@f tié Bl Ay ivdd den3Vastiaop WMC,| Benclitngseaa® Eearin ML,

i ntra-epit hel i Btijiadut 6Phyan Gelndl, Kbeing Ff Speifibitgiof iR Raisgld@Rthasd WO

2003/ 104273 PGhHpGR2M03410684i50in c8iac Tiakhse. 18xp Med-10RP:H96 68 kax (CO -6) and
heal t hy control (HOL-10) IFNy ELI Spot responses to control pepti des (20
tg/m) and gli gxlivan@60Wapg/Kdoy NEAOVElaril) Peid $, Meatih Ul PrHaAHRulS

(sfc/million PBMEngTFNBSedtos BaREEHR bPBSuakonehiReRks teon e y 0

Heal thy Dayp 6 Qf&ﬁﬂ%@c&hYc&l@Q& T B, 1994 16219593 0 (-4 To 17) [0 (-5
to 9) -2 (-3 to 0) 27 (0-100)* . P04722 77-93 ¥+ tTG O (-5 to 4) 0( 9 to 3)
0 ( 4 to 11) 14d 8 abowgiPR)Kdoy Y94 ’a’geh?nﬁ’ PendEGpealln ’é/[o‘il%ré@ Qi3 to 4) 0
(-6 to 14) 133f10sdi01 PN Péa%%@ u%;en%Eq) Aty AT f Hol Qg J -2 (-3 to

2) 8 (-21to 42AcadSch§§qa9 05b fobSy 1 ( 4 to
6) 65 (8-164)**  P02863 779 (-4 to 13) 0 (- 4to 14 "1 (‘4 to 6)

42 (-2 to 176 85)% 20 (11 t
145§ 92 ?50 téf; g\%x(:@ aéﬁ]ég%l ‘Vé%?énr%iﬁ{ Octsp §ntf§1§§%¢}]6 % o to( 171)?
55 (29 to 248 5) 1 (-4 to 11) -2
(- 5 Fo 5?1()4 dos 2002 ﬁ% ("5 to 8) 6(0)to 29) -g(-éto

11) 2 (- ﬁ? z%rgtki‘glnn CAQlam ef.%:_‘b ezt%f (81 C}f‘%%g ;:*e’kkls 44 (10 to

221) 176 ( § 4 to 241)%**
i1 l'ls 172 s ey b %ﬁ%@@ffg;@ B (5 1o 1) 002 1o

25 Each of the PCT publications, U.S. patents, other patents, journal references, and
any other publications cited or referred to herein is incorporated herein by reference

in their entirety.



Pepsin + tTG O (-3 to 8 0 (-5t09) 1 (-6to 3 0 (-3to 14) PBS alone
4(xo06) 2(0to 6) 4(1 to 12) 4(0to4) PBS + tTG 3(0to 8 3 (0 to 11) 4 (2
to 10) 4 Wb 20@/13)735 Day 6 vs. Day 0: *P<0.05 **P, 0. 02, PCT/GB003012459
one-tailed WIcoxon Matched-Pairs Signed-Ranks test W) 2003/104273

PCT/ GB2003/ 002450 88 Table 15. Effect ofisdeam dation by tTGto gliadin
(0.5 mg/mM) and A-gliadin 57- 73 honol ogues on | FN-y ELI Spot responses in
HLA- DQ2+ coeliac (C01-6) and healthy control subjects (HO1-10) (redian

ratio tTG no t ret L de t Day. 6, Coel i ac Day O
Coel i ac Day 6 E%b?eaﬁué%ﬁh%m& eﬁp‘g“%ﬁb%g& 9 Bm&%ﬁ‘if%@be‘%m@) 8)* 3.2 (1.8
1.2)** dj adNWPmps’lQNPSQQQAQ PLSQQDQHP Q@Q%@Y@@Fﬂp@Y@@%‘FE@Q&m 4)** PO4T22
77-93 B5 625 (Redochy BhdsvsoPOd: 3 77-93 85
7.5 (3.9-19.9)" %%286%(2 ok z%%“z cagetageithd. %‘?LG% Fehodeafislls 0

**P 0.02, *** P%L@iTYBﬁQBH?%Q“LL%P‘IP@BQWJHE OhPALERER-PAVF L RYAKA Ranks t est
WO 2003/ 104@73FWM%%Q@®@45&LA18@L§K&MV@IAiﬁ:TIAHe;& 'tNhy subj ects: | FNy

ELI Spot Responsés (>18'sfc/nfi'lion PBMC afd >4 X'buffer only) to
tTGtreated gliadin peptide Pools on Day 6 of gluten challenge
(sfc/mllion PBVMO) (i trabie@, JosBRUMG&cali§etpiesant on Day 0): Goup 1-
HLA-DQ2 ( DQAL*0501- 5, DQBI™R20T) che, O QR 17~ M DB LRI 0301,

DOB1*0302) and absent or "i BRonphese" fonlcyalxml*dgéiaﬁ or DQB1*0201)

Goup 1 Goup 2 Subject HGOu¢ 2, 12yrH03Hj,-rQ4ngfp5 B0 HO7,JqldfF09 H10 H11l
HLA-DQ262825262,62627252,588 Pool fainethaigy, 4 13 5 . 17 24

6 31 7 8 mouth ulcers,
- diarrhoea
2 . 57Tm 1yr Heterozygote 10 days Lethargy,
. : nausea
3 35°f 7yr Heterozygote 3 days Nausea
36m 6 wk Homozygote 3 days Abdominal
pain, mouth
ulcers,
diarrhoea
"5 26 m 19 yr Heterozygote 3 days None
6 58 m 35yr Heterozygote 3 days None
7 55m 1yr Heterozygote 3 days Diarrhoea
8 48 f 5yr Homozygote 3 days - Abdominal

pain, diarrhoea

15



9 10 11 12, 13 14 15 16 17 18 20 19 20 . 11 21 . 11 27 22 23
43 24 25 . 11 26 27 28 29 30 23 31 32 33 . 20 34 35 . 11 36 37 .
18 38 14wW020038@427F 40 . 14 17 . 41 42 WD 2003/ 104273 PRTGEBROD243002450

90 43 11

79
Aminoacid at position 65 Range Mean
Glutamate (100) 100%
Asparagine (50-84) 70%
Aspartate (50-94) 65%
Alanine (44-76) 64%
Cysteine (45-83) 62%
Serine : (45-75) 62%
Valine : , (24-79) 56%
Threonine , (46-66) 55%
Glycine (34-47) - 40%
Leucine (8-46) 3%
Glutamine (16-21) 19%
Isoleucine (3-25) 14%
Methionine (3-32) 14%
- Phenylalanine (0-33) 12%
Histidine (0-13) 8%
Tyrosine (0-17). 8%
Tryptophan (0-17) 8%
Lysine C(0-1D) 4%
Proline o (0-4) 2%
Arginine (0-2) 1%

Table 3

lisopt respor;se ’ Peptide sequence _Corresponding residues in gliadin protein sequences (Accession no.)

TG TG
(1-13y, QLQPFPQPQLPYPQPQS 57-73 a-Gliadin (T. aestivam) Q41545
100 (100) QLQPFPQPELPYPQPQS 57-73 a-Gliadin (T. aestivum) Q41545
(1-7) 53 (44-67) . QLQPFPQPQLPYSQPQP 77-93 a/B-Gliadin precursor (Tricetum. aestivam) P02863
76-92 a-Gliadin (T. aestivum) Q41528
77-93 a-Gliadin storage protein (T. aestivam) Q41531
. 5773 a-Gliadin mature -peptide (T. aestivam) Q41533
77-93 o-~Gliadin precursor (T. spelta) Q9ZP09
2 (0-20) 83 (61-113) - QLQPFPQPQLPYPQPQP 7793 o/B-Gliadin A-II precursor (T. aestivum) P0472
9 (0-33) 83 (74-97) QLQPFPQPQLPYPQPQL 77-93 a/B-Gliadin A-IV precursor (T. aestivum) P04724
77-93 o/B-Gliadin MM1 precursor (T. aestivum) P18573
(0-7) 109 (41-152) PQLPYPQPQLPYPQPQP 84-100  o/B-Gliadin A-IV precursor (T. aestivum) P04724
D PQLPYPQPQLPYPQPQL 84-100  o/f-Gliadin MM1 precursor (T. aestivum) P18573
(0-1)  3(0-7) QLQPFLQPQLPYSQPQP 77-93 o/f-Gliadin A-I precursor (T. aestivum) PQ4721
77-93 o-Gliadin (T. aestivam) Q41509
(0-0)  2(0-7) QLQPFSQPQLPYSQPQP 77-93 o-Gliadin storage protein (T. aestivum) Q41530
D ' PQPQPFPPQLPYPQTQP 77-93 «/B-Gliadin A-IT precursor (T. aestivum) P04723
7 (040) 24(11-43) PQPQPFPPQLPYPQPQS - 82-98 o/B-Gliadin A-V precursor (T. aestivum) P04723
0(0-30) 19(11-33) PQPQPFPPQLPYPQPPP 32-98 a/B-Gliadin clone PW1215 precursor (T. aestivum) P04726
. 82-98 a/B-Gliadin (T. urartu) Q41632
0 (0-30) 21(11-33) PQPQPFLPQLPYPQPQS 79-83 ¢/B-Gliadin clone PW8142 precursor (T. aestivum) P04726

79-95 a-Gliadin (T. aestivum) Q41529
79-95 o/B-Gliadin precursor (T. aestivum) Q41346

Table 4



44 . 14 45 . 11 46 47 48 49 50 . 14 12 22 14 51 52 . 14 53 26 54 12
5556 57 . 23 . 12 58 . 14 . 59 60' 61 . 23 11 11 62 63 64 . 20 65
66 . 14 Wo2003M4B8 . 20 . 20 69 . 20 70 - 71 16 72 . PCY/GER003/(245074 75
76 . 14 77 78 . 11 79 . 11 19 80

&0
Table 5. T cell epitopes described in coeliac disease
Source Restriction Frequency Sequence*
Gamma -gliadin DQ2 3/NS (iTCC) QQLPQPEQPQQSFPEQERPF
Alpha-gliadin  DQ2 12/17 (iTCL) QLQPFPQPELPY
Alpha-gliadin ~ DQ2 11/17 (iTCL) PQPELPYPQPELPY
Alpha-gliadin ~ DQ2 1/23 (bTCC) LGQQQPFPPQQPYPQPQPF
Alpha-gliadin ~ DQS8 3/NS ({TCC) QQYPSGEGSFQPSQENPQ
Glutenin DQ8 /1 (iTCC) GQQGYYPTSPQQSGQ
Alpha-gliadin ~ DQ2 11/12 in vivo QLQPFPQPELPYPQPQS

NS not stated in original publication, iTCC intestinal T cell clone, iTCL intestinal polyclonal T cell line, bTCC peripheral bl

T cell clone ' )
*All peptides are the products of transglutaminase modifying wild type gluten peptides except the fourth and sixth peptides

Table 6. Relative bioactivity of gliadin T cell epitopes in coeliac PBMC after gluten cha]lenge

Sequence* _ELISpot response as % A-gliadin 57-73 QE65 (all 25mcg/ml)
Wild type Wildtype+iTG E-substituted
QQLPQPEQPQQSFPEQERPF 9(3) 18 (7) 10 (5)
QLQPFPQPELPY 6(2) 19 (1) 8 (3)
. PQPELPYPQPELPY 13 (6) 53 (8) 48 (9)

“ .QQYPSGEGSFQPSQENPQ 10 (3) 53 14 (8)
QLQPFPQPELPYPQPQS 18(7) 87 (7) 100
PQLPYPQPELPYPQPQP -~ - 14 (4) 80 (17) 69 (20)

* sequence refers that of transglutaminase (tTG) modified peptide and the T cell epitope. Wild type is the unmodified gliadi
peptide. Data from 4 subjects. Blank was 5 (1) %.



81 82 83 P04722 77-93 P04722 77-93 E P04722 77-93 E P02863 77-93 11
P02863 77-93 E diadin+tC 171 40 25 16 10 18 14 17 90 Chynotrypsin 29 26 18
22 d i adiweRegpgion27341 151 29 24 48 16 45 19 35 Pepsin WOTADRBH3104503

PCT/ GB2003/ 002450 91 Table 17: tTG deam dated gliadin peptide pools

showi ng significant increase in |FN gamga responses between Day O and Day
6 of gluten challenge in HLA-. D@ coeliac subjects C01-6 (Day 6 -Day O
response, and rlabied. dolyRephiRassf Mopglfadin$3-1eani dat ed pool and sane pool

wi thout tTG treatnent) IFNg ELI Spot tTG no tTG IFNg ELI Spot tTG no tTG
Pool (Medi an sfAC Keduéntds adi)ed (fivie tibréain yutin@ Gheaf dMaalMaBnsgf ¢/ m | 11 on) (Medi an) 9
59*** 1.0 49 46*Xpha-gliadin prb@in {sh@ls fetted code Bfdrs AT 14 pdpties) 11 PAAASIphisd. D b1 407**
1.7 12 133*** |1Q415453-gBOitn{fonBseduencdiProR@) 57-2(4) 53 27** | LLdrrrdBQI3QPEPds 2|76
17*** 1.1 43 3JOiaipha |, GEMBLYOAIE0SG 1133400 549 1.5 8() QBAFFPPPQLPYHBEIQPO* * 1.1
égé"éw 13605, AJAGOORF#3) (I | QLERFPOBALSYSQROP Dy 6

81 141*** 1.1 ia 3;455:?3_1\@
vs. Day 0 =*P<Q. ]‘Zq?)plgz; got )Sa-ﬁggli)ai | ed W I coxon QL'B Eg P
i B o PGB} @32003/ 002450 9¢; S
d

L
33
o g'ned'E RanhS:N;q ?%%(égi % | & o agnl y
Supj ect s: 1 ma— >4 X ourre
to tTGtreated E @ chal l.enge . (sfc/m|lion
PEI\/C) (ital % o f{g%ﬁ%s §ncP'TR(§LE)Ih sc%];x( %‘?%ﬁ :for gehadl%s gonta{mng t41e

Wheat (Triticum aestivum unless stated) gliadin accession number Polymorphism
Q41545 A-gliadin (from sequenced protein) 57-73 (A) 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 (O) POPQPFPPQLPYPQTQP
GDA4_WHEAT P04724 77-93 (C) ) QLQPFPQPQLPYPQPQL
GDA4_WHEAT P04724 84-100 (K) POLPYPQPQLPYPQPQP
GDAS_WHEAT P04725 82-98 (N) PQPQPFPPQLPYPQPQS
GDAG_WHEAT P04726 82-98 (P) ' PQPQPFPPQLPYPQPPP
GDA7_WHEAT P04727 79-95 (M) ' PQPQPFLPQLPYPQPQS
GDA9_WHEAT P18573 77-93 (C) QLQPFPQPQLPYPQPQL
GDA9_WHEAT P18573 84-100 (L) - POLPYPQPQLPYPQPQL
GDAY9_WHEAT P18573 91-107 (K) PQLPYPQPQLPYPQPQP
TREMBL
Q41509 ALPHA-GLIADIN 77-93 (G) QLQPFLQPQLPYSQPQP
Q41528 ALPHA-GLIADIN 76-92 (F) : QLQPFPQPQLPYSQPQP
Q41529 ALPHA-GLIADIN 79-95 (M) PQPOQPFLPQLPYPQPQS
Q41530 ALPHA-GLIADIN 77-93 (H) ' QLQPFSQPQLPYSQPQP
Q41531 ALPHA-GLIADIN 77-93 (F) QLQPFPQPQLPYSQPQP
Q41533 ALPHA-GLIADIN 57-73 (F) ) QLQPFPQPQLPYSQPQP
Q41546 ALPHA/BETA-GLIADIN 79-95 (M) POPQPFLPQLPYPQPQS
Q41632 ALPHA/BETA-TYPE GLIADIN. Triticum urartu 82-98 (P) POPQPFPPQLPYPQPPP
Q9ZP09 ALPHA-GLIADIN Triticum spelta 77-93 (F) QLQPFPQPQLPYSQPQP




G oup 1- HLA-DQ (DQA1*0501-5, D@B1*0201/2), 5 Group 2 - HLA-DQ/8
(DQA1*0501-5, *0301, and D@B1*0201/2, *0302), and G oup 3 - HLA-D®

( DQAL* 030w 2RD3¥302) and absent or "inconplete" DR PomiGB2DQAD2HE01-5 or
DQB1*0201/2) Goup 1: Goup 2: Goup 3 Subject CO (C02 CO3 C04 CO5 CO6 CO7
C08 C09 CIO C11 C12 C13 HLA-DQ 2,6 2,2 &5 2,52,2 2,22, 8'2, 82,828
6,8 7,8 8,8 Pool 1 . 23 223" 2. 155 341 4 11225 6 18 21 20 17 7 .
353 8 11 64 14T2h3 ABEUvpRisubgitugdyarhpispl Hgiadp 57-73QR6HGOsY ogpared iunided AQHhdin5B73200 48 84
787 11 32 118 336[2&?21‘“‘% 795ff?§fi‘%“'ﬁ(}'ﬂt‘%§°f§"“§zf"%7'%195f%gs'7§§ﬁ 12 13 93 142 29
18 60 11 14ubst' 4% 21 PG 1&bs 8 %30 BEG 4Sbst 166 . 3FvsclBubd8 A9 12vB0 PIsvP15 51
167 21 . 11 2%weraguptsp3 Fe2qg D 19001 2 - 14 10098 N6j5 124 280001 18 13 12
27 . 15 28 1‘161 29129.I.1<0'0g0 ViSl 15_7E) <0.0001 G69 47 <0.0001 R64 24 <0.0001

Y70 129  0.0006 S69 70 <0.0001 N63 47 <0.0001 K63 23 <0.0001
Agonists H63 70 <0.0001 H68 47 <0.0001 V65 23 <0.0001
W70 119 0.017 F63 70 0.008 MG68 46 <0.0001 H66 23 <0.0001
K57 118 0.02 P70 69 <0.0001 D68 46 <0.0001 He67 22 <0.0001
Y59 117 0.04 T62 69 <0.0001 V69 46 <0.0001 Lo64 22 <0.0001
A57 116 0.046 Le61 69 <0.0001 G63 45 <0.0001 S66 22 <0.0001
8§70 116  '0.045 S61 69 <0.0001 V64 45 <0.0001 F67 21 <0.0001
K58 114 0.08 Tel 69 .<0.0001 E61 45 <0.0001 W66 21 <0.0001
W59 110 0.21 Te63 69 <0.0001 A69 43 <0.0001 Gé64 21 <0.0001
AT73 109 0.24 M66 68 <0.0001 R62 42  <0.0001 G65 21 <0.0001
159 108 037 T69 67 <0.0001 G68 42 <0.0001 D64 - 21 <0.0001
G59 108 0.34 K60 66 <0.0001 Ag4 42 <0.0001 65 21 <0.0001
A58 108 0.35 S62 66 <0.0001 C65 42 <0.0001 Mé4 20 <0.0001 <0.0001
. W60 105 0.62 M6l 66 <0.0001 N67 41 <0.0001 G67 19 <0.0001 <0.0001
A59 104 0.61 P61 65 <0.0001 W63 41 <0.0001 T65 19 <0.0001 0.003
K72 104 0.65 M62 64 <0.0001 F69 41 <0.0001 A66 19 <(.0001 <0.0001
S59 103 0.76 Q61 64 <0.0001 N68 40 <0.0001 164 19 <0.0001 0.0003
K73 102 08 Ge6l 64 <0.0001 V66 40 <0.0001 Re63 19 <0.0001 <0.0001
AT0 102 0.81 A63 64 <0.0001 H69 40 <0.0001 W67 19 <0.0001 <0.0001
Y60 101 0.96 L62 60 <0.0001 M69 40 <0.0001 K68 18 <0.0001 <0.0001
AT72 100 0.94 I68 60 <0.0001 R69 40 <0.0001 Ho64 18 <0.0001 <0.0001
563 98 0.67 867 59 <0.0001 W69 40 <0.0001 W64 18 <0.0001 0.0001
K59 96 0.46 N6l 59 <0.0001 Q69 39 <0.0001 Q65 18 <0.0001 0.0002
160 926 0.5 169 59 <0.0001 L67 38 <0.0001 F64 16 <0.0001 0.0008
G70 95 041 V6l 58 <0.0001 K69 38 <0.0001 L65 16 <0.0001 0.0022
D65 95 0.44 D61 58 <0.0001 X62 38 <0.0001 N64 16 <0.0001 <0.0001
E70 93 0.27 E60 57 <0.0001 - E67 37 <0.0001 F65 16 <0.0001 0.12
163 92 0.19 A6l 57 <0.0001 L69 37 <0.0001 Q67 15 <0.0001 0.0012
S60 92 0.23 Q62 56 <0.0001 S64 36 <0.0001 Me65 14 <0.0001 0.015
P59 88 0.08 F68 56 <0.0001 G62 36 <0.0001 D66 14 <0.0001 0.013
Me63 87 0.03 Né5 56 <0.0001 E6&9 36 <0.0001 R67 14 <0.0001 0.002
K71 85 ' 0.047 A62 56 <0.0001" EG68 36 <0.0001 Non-agonists
V62 84 0.04 A68 53 <0.0001 V67 35 <0.0001 P63 13 <0.0001 0.012
170 84 0.04 P66 53 <0.0001 D62 35 <0.0001 E64 12 <0.0001 0.053
161 83 0.01 Rél 53 <0.0001 R68 34 <0.0001 W65 11 <0.0001 0.24
V68 82 0.0045 S68 53 <0.0001 Q66 34 <0.0001 Q64 11 <0.0001 0.15
E59 81 0.01 Y63 52 <0.0001 A67 33 <0.0001 Gé66 11 <0.0001 0.07
Partial agonists N69 51 <0.0001 Né62 32 <0.0001 R65 11 <0.0001 0.26
W61 79 0.002 E63 51 <0.0001 Fé6 31 <0.0001 Y67 10 <0.0001 0.13
AGO 78 0.002 T64 51 <0.0001 E62 31 <0.0001 E66 10 <0.0001 0.17
Y62 78 0.006 T67 51 <0.0001 D69 31 <0.0001 K66 10 <0.0001 0.21
G6o . 77 0.003 Y69 50 <0.0001 D67 30 <0.0001 R66 10 <0.0001 0.23
ATl 77 0.003 D63 50 <0.0001 M67 29 <0.0001 K67 10 <0.0001 0.11
W62 76 .0.0009  A65 49 <0.0001 Y66 28 <0.0001 P65 8 <0.0001 0.57
Q60 76 0.001 Kel 49 <0.0001 167 28 <0.0001 K64 8 <0.0001 0.82
L63 74 0.0002 166 49 <0.0001 H65 26 <0.0001 K65 8 <0.0001 0.63
162 74 0.0005 T68 48 <0.0001 P68 26 <0.0001 Y65 7 <0.0001 0.9
K70 74 0.001 S65 48 <0.0001 Y64 25 <0.0001

H61 72 <0.0001 Le68 .48 <0.0001 EK65 25 <0.0001
W68 72 <0.0001 Q68 48 <0.0001 T66 25 <0.0001



31- 70 32 . 18 20 33 11 10 14 11 40 11 34 . 11 35 36 37 . 23 14 38 . 24
19 20 39 . 49 15 11 40 . 14 WO 2003/104273 PCT/ GB2003/002450 93 41 . 21
42 39 42 WO 28d3/012783 12 43 50 91 13 75 14 190 113 21 42£C3IZGH26031002456 13 87
107 45 . 21 10 100 11 38 110 46 14 55 .102 18 63 163 47 14 58 38 223 97 31
48 21 106 60 14 144 353 57 .49 75 170 1%¢3142 30 202 293 39 50 57 245 23
140 61 27 248 143 11 51 68 106 10 127 220 267 29 52 43 121 79 13 16 175
180 53 36 94 92 29 69 53 54 36 35 11 166 27 19 13 55 56 29 11 57 . 36 20
13 58 59 . 10 53 60 . 18 15 11 53 61 . 20 62 14 18 13 60 63 . 10 14 28
64 . 1518 . 65 36 25 23 35 2 11

5  Table9. Antagonism of A-gliadin 57-73 QE65 interferon gamma ELISPOT
response by substituted variants of A-gliadin 57-73 QE65 (Subst) (P is
significance level in unpaired t-test). Agonist activity (% agonist) of peptides
compared to A-gliadin 57-73 QE65 is also shown.

Subst % Inhibit. P % agonist. Subst % Inhibit. P % agonist.

Antagonists : 65R 13 0.18 11
65T 28 0.004 19 65M 13 0.16 14
67M 27 0.0052 29 68P 13 0.16 26
64W 26 0.007 18 63R 13 © 019 19
67W 25 0.0088 19 66G 12 0.19 11
Potential antagonists 65Q 12 0.2 18
671 24 0.013 10 65Y 12 0.22 7
C6TY 24 0.013 21 66S 12 0.22- 22
64G 21 0.03 21 67F 1 0.25 21
64D 21 0.029 16 66R 10 0.29 10
65L 20 0.046 26 67K 10 0.29 10
66N 20 0.037 24 64F 10 0.29 16
65H 20 0.038 16 65F 9 0.41 16
64N 19 © 005 16 63P 8 © 042 13
64Y 19 - 0.06 25 65EXK 8 0.39 25
66Y 19 0.048 28 64Q 7 0.49 11
64E 19 0.049 12 641 5 0.6 21
67A 18 0.058 30 " 68K 5 0.56 19
67H 18 0.052 22 67Q 5 0.61 18
Non-antagonists 65G 5 0.62 15
65V 17 0.07 23 64M 4 0.7 20
651 17 0.086 21 66H 4 0.66 23
66T 17 0.069 25 66 E 3 . 0.76 10
65W 15 0.11 11 66D 1 0.9 14
67R 15 0.13 14 63K 1 0.88 23
65P 15 0.13 8 64H 1 0.93 18
65K 15 011 - 8 66K 0 0.98 10
66V 15 0.12 21 64K -2 0.88 8
67G 14 0.14 19 64L -11 0.26 22
66A 14 0.14 19

Table 10. Inhibition of A-gliadin 57-73 QE6S interferon gamma ELISPOT
response by peptides known to bind HLA-DQ2 (P is significance level in
unpaired t-test). '
20
Peptide - % Inhibit. P
TP 31 <0.0001
HLAla 0 0.95



66 31 11 10 17 67 . 17 17 68 . 19 127 14 69 . 15 10 20 20 70 . 12 31 13
10 71 11 21 13 14 18 72 . 16 73 . 13 14 11 74 . 239 254 447 75 76 18 21
19 15 12 wor003/882730 13 78 . 18 17 69 79 11 85 44 29 12 P¢4/GERRo&001&H2 133 33
240 39 12 208 467 12 . 70 81 171 318 113 367 104 12 211 530 74 82 18 300
17 125 32 16 241 723 83 14 164 31 21 163g277 15 P04722 77-93 211 291 75
281 66 78 740 P04722 77-93 E 164 297 108 221 64 10 84 653 P0472277-93 E
161 182 98 256 73 16 63 500 P02863 77-93 139 164 35 94 36 29 603 P02863
77-93 E 46 176”1’9“88"*482"‘?8“52‘6"‘@7 78 Q68 ip@rfg qnpappELISGRE rePGOe B BARY6 278 543 17
25 527 71  ChyASYFUBE I & T EH R P PE R sggenrdvdpamagdtoty 292 357 557
42 89 335 87 Pepsidiks7hfondERa03Hisk04273 PCT/ GB2093hi2450 P94 Tabl e 19.

Deam dat ed peptitogRs sxustdroare RoPOpFRYEICYPERGSY > 10% ofis PO4722.0685 (20 g/m) in
HLA- DQ2 coel i acqﬁubhe_gi@gm(;;@Ff@msﬂy@P pSequence Mean RanfsNo. Sequence

Me SE Y, _YP 94(18). 37 413
SK?]gQJ(DFPgDQ(? 71%?74%3%{ &@gﬁ PYPQDgJ_P P 89(1Y) 38 380

QPQOPQOPFPQP QPQLPYPQEQ PY 88%44) 39 618
PQQSFSYQQOPFPQURNPAE-18YEP)  QEPFRPERTEEPQPQL PYPQPOPFRP 87¢36) *40 78
LQLQPFPRPQLPYPQIB(IRFR-91 G£8) QLQPFPQPELPYSQPQP 6 035

Q41509 77-93 QES5 QLQPFLQPELPYSQPQP ' 6 0.41

P04727 79-95 QE65 PQPQPFLi’ELi’YPQPQS 6 0.39

P04726 82-98 QEI0 PQPQPFPPELPYPQPEE_ 5 0.43



*5 76 LQLOPFPQPQLPYPQPQPFR 85(15) 41 390 QQTYPQRPQQPFFQTQOPQQ 17(9) 6 626
PQOPQOPQOPFPQPQOPFPW 72(23) 42 348 QQTFPQPQQTFPHQPQQQFP 16(10) 7 627
QPFPQPQUPARP\WIRQQRPERQ 66( 30) 43 409 QPQOPFPQLQOPQOPL POPQPLG(()2003/®2681
FPQQPQOPFFQPQLPFPQQS 61(12) 44 382 QQPFPQOPQOPFFQTQOPQQ 16(6) 9 636
PQOPQOPFFQPQQPI PVQPQ 51(10) 45 629 PFPQTSFPLQPQOPFPQQ 16(5) *10 73
LQLQPFPQPQLPYPQPQLPY 49(11) 46 643 PLQPQOPFPQQPQOPFPQQP 16(6) 11 412
SQRPQQPFPQPQQIFMBRIIIP 841 )07l 88 of QR EQOP (Rdi 1 BN/ bbbl fiihdind)2 343
QQUPQQPFFQPQQPQLPEPQQ 34(11) 48 350 QQ FPOPQOTFPHQPQOAFP 15(s) *13 68
LQLQPFPQPQLPYLEEEIFR 33( 10)A°2f§*°""""85 PFF%WYPQDQDFPQDQDF ¥SLEFIT 14 66
LQLQPFPQPQL PY STRGRER: 50 Y FRERRERERERS S 96
PQPFPPQLPYPQPQSEPPQD. 28( 6 LPPQQSFS PFS 15(11 393
Q_PFPQQDQQDFP§F %5728% g’ébp‘%&“g EPPO PYPOTEPFRE 1525) )3”&“7 355
QAFPQPQQTFPHQOPENOER@-2 7( 15) 8053166718 MOL GRPRORPQRFPPQLRYPQ 14(5)32.618 67
COOOPFF PP CRG 25( 11) e Y P PCRGPEPRA IR0 14( 3 420 95
PQPFLPQLPYPQPCBEBBI 24(6) ¥¥8 “80° L QL QPFBEROPEPPELPYPD 14(4) 1621 396
TQPQOPFPQOPQURFHEI@:i2 3 (9)Ps<59z<55@>4 FTOPQERTP!. QPQERRQOP 14( 6)0usR2 609
SCl SGLERPWQQQPLPRQRS 123, ( 189)163§{%7§} Q[@P@QSQQ%% | QPQ 14( ), 23 385
QOPFPQPQOPQL PFPQOPQY 23 59337 RTI 13 (5024 375
PQQPFPQPQQPQQPFBEEg3ip 10)*’086%3(7@3%) PQQUSEPEPRL OPERRFPQOP 13( 334425 406
QPQQPFPQL QQPQQR: R 22(8) 16430 38836 Q0P Y PQIBRKIPEPQARLQQ 13(3) o7 @ 625

Pl QPQQOPFFQQP FPEL FPLQP 13 (7) 27 378
Q@Q@FPQ@@%@%&% "qﬁ?%@’ Q@W&E&Q@ 13(5% 7098 371
PQQQFI QPQUPFP QYOI i 10)0462‘15 387 QQTFROOROL PFRPGRRQOPF 13( 4)10.29 642
ST SIIAR AN ) ST RRINS 19 Y, 0%
PQDFPPQ_PYPQDQ% gpd%“igw) 4682 P CRQPERIHFQPQ 12(5) @2 377
EQQQF PQEQQPSSSFPQ@@WM gﬁresééegﬁ éo%sp% f&uﬁdg’LbehﬂdﬁﬁJsélbzﬂgﬂihdgﬂﬁFﬂf tﬁ it Y/t ngxgs j& é
sggFggqqpég 7(—38%!%%%“5 wd-ergn i o %@%@&%@m 35).94
PQPFPPQL PYPQPPPF SREQIQs 184 r3ncubaled 3ith X R RS IRXRER R ik ikl s5)3 vy 38, 329

PSGQVQNP FFQPQQPF 18(4) 72 397 PQRPQRPFPQTQQPQQPFPQ 11(3) * Indicates
honol ogue of A-gliadin 57-73 with the core sequence PQP(Y/F) 5 WO

2003/ 104273 PCT/ GB2003/ 002450 95 Tabl e 20. Peptides >10% as bi oactive as
P04722 QE65 grouped b structure.




Rank Peptide no. Sequence |FNg ELI Spot (Pool) response Qi adin-subtype
conpared to P04722 77-93 (QE85: nean (SEM G ou 1: Honol ogues of

A-gl i adi nwB20URB10R4722 77- 93 QLQPFPQPQLPYPQPQP 1 89 ( 12)pPCa/dB2003/00%450
LPYP 94(18) 2 91(12) a PQPFPPQL...Y

........................... 89(12) 3 74860) a M
................................................ LPY 88(14) 4 90 (12) a P
Lo oY PFRP 87(16) 5 76 (10) a L
................................................ PFR 85 (15) 8 631(81) w
FPQP ........ Table 13., Clinical details of ¢veliac subje®8. 61(12) 10 73 (10) a L
............................................... LPY 49(11) 13 68 (9) a L
............... HLA-DQ | HLA-DQAI | HLA-PQBI [ DuodenpiFH @8en(rtQ) | EMAIngBtef 9) a L
e S et 32 00 SRR 2 R E
PFL ... ... COT.[2,6 . .. .|.1026,501 .. | 20LBPP 24(6YA 31 [93r (12) B OQPFP
............. gy PFRPOD0(5) 35 04 (10) a P’ PEP
............. 2122 18BrsPoo 187 (3) 40°78 (10)a L |70
............. L co3.[.2RK .| tow4s, 501 . ] 201,501, . . . .| PVA . PFR 1/ ( 8) )81 IT)y|a P
POPFP ....... T___PEPP 15(5) | 53 75/(10) a M | QPEPQP PF
.............. Cod 125 | 9SS BELEY (11) A PQD(;WPQPQPF tO
............. - €05+ {-2;2 - . 26.1450(3? WZ&G (1L SV& L L4nrl—|" I" E(ND)
............. o 14(4) 66 88 (11) a POPHP ... l...0. ...
S PFRPCI® |22 3) |@8- 77 10| 2LR0Z. PFRPEROPFP |2y . . ... YO, ...
11(4) 70 79 (308 HOEEREROPEPF b LBy Grol 2:
Honol ogues of | penti de 636 PEB PQ BEP 6 6265%) w Pdopae |17
............. O[T 200 3RT72 7 [62%#(80) w0
.............. i MM Y o' FD 66(30)_9 636(B1)(a PQQP
N L L) T [ PePQ 51600)  1P¥12(53) " Boop
............. [ C10.[.2,8 .. .[.201,3003 . . | 202,302. PQUmESA(19)[1y83 411(H3) LOOP|........
............. Q PQ 19(4) 36 329(42) v PSGVONPQ
.............. Ci1 168 110263013 1 GOy/gAy8 | IEL 9 mo -(ND) -

C12 | 8,7 301-3, 505 302, 301/9-10 SVA 2yr -()

C13 | 8,8 01 302 SVA Tyr )

SVA subtotal villous atrophy, PVA partial villous atrophy, IEL increased intra-epithelial atrophy, GFD gluten-

free diet, ND not done.



41 390(50) TYPRP ... Touiii.. 17(9) 59 337(43)
................................. CQ}’Q?TI 13 (4) 61 388(50) 'y |I PYPQQP
......... 0.2003/104278. . . ... ... QQ 13(3) G ou 3: Honol oguePCaIGRREM/(0d€50355
FPQP QTFPHQPQ QFP 17 355(46) y QA

........................................ 87 .........Q 27(15) 42 348(45)
QAT o 16(10) 48 350(45)
001 .. AL 15(8) 50 349(45) QQ
................................................... 15(9) Gou 4:

Honol ogues of "Paige ﬂdeHx%DQBFIEo@lxzﬁREOQ 6) 3pblidlthy tQpFol (H01-10) IFNy
TQ 23(9) 27 378(49) QWP
.............. ELISpot responses to.control peptides P0pg/AR) 4dd) gliadth GUA (1g/8i) HefbIQ@QOFI QP

................................. TY 22(10) 29 642(82)(o P P
-------------- and-after.gluten challenge (stc/million P BMICShinustespaifst &lPBS alohP
....................................... PQ 19(5) 44 382(49)
.................... Peptide . . . . . .|.HealthyDayD.|. HeHifiy BHYQ) 1GColiid)Day 81D OCB(aSdaly 6CO
PFPQT. .. ... S | 16 (5 46_643(182)0) Pl OP
................. POATTT93 - 10G40I]) ket (6) | %601°834804) By
------------- tp0472277-93+17G - - |0 (50 d). - - |0 (B8 3Y 3) 61 50) 141 @ to 200) 7
............. .. ceeeo.... |PQPF 131(4) 62 641(82) wFPEL......... .||
................. P947?2.7.7'.93.QE?5. LQ’%@(’ ?) WO 2003) 10427 8¢PCH GB)G@S‘PG‘G%M*SO 96
G oup 5: Hono R Rsptde 3fgoveras sptps—2 ant TR RE P LPFP
12 343(44) QP ............... ?Yz‘}}’ ...... ?)ﬁ \ Qw(ll) 16
393(51) Q.PFPQX;P P02863,77-93+t1G . . | LS4 . . |-l (4w Ll) 1(-410@7(8 & (&9543‘35(43
""""""" 786377-D3QERS T T | 0(-41w013) T T T[T0(4 10’14 D 25’ 1%\ 23 ggn(tyn* '
................ | POBETTh3AERs T 10T 1) T Th T T TG R 7y | B 9S8 48y |y p
............. . Gliadin chymotrypsin . . .| 2(-5to £0) . . .|.18 (0.t 185)x P | 2Z8{1kps) 2% @0b(shHZ) U
............. L Q PQ 22 (8) [32 377(49) Y
Po..... Q ... | Gtiadinchymoirypsin+ TG | 0(1to28y ~ | 16(9t0 170" — OFTPIITHY) | 28920010 8¥53) [ S P
------------- Chymotrypstn - - - - -| 0 (A0 5)5- T TEwl) 18(IGwg) 413iasssSt COP
................................ (4 38 380(049) y QPQOP
............. CllYﬂlothPS:111.+.tTQ - .0.(§f9 8). oL 60029 18(6)2C383D409¢ 63 1P
A 4 4*28 E dDQ* 1”(44?(\0 2/'3 "?’7{%{(5?90) ¢
....................... 2 s & \"J kS gk
............. e R s e e Rk )
Ghadmpepsm+tTG 2(3to 80) 27 (4 to 241)*** | 61 (Sto 172) 280 (207 to 406)**
Pepsin 0 (-4 to 10) 0(-31012) A 0(2to3) 2(-21t0 8)
Pepsin + (TG 0(3t08) | 0(5109) 1(-6103) 03 to14)
PBS alone . 4 (O to 6) 2 (0to6) 4(11012) 4{0to4)
PBS + (TG 3(0to8) - 3(0to 11) 4 (2to 10) 4(2to11)
5 Day 6 vs. Day 0: ¥P<0.05 **P,0.02, ***¥P<0.01 by oﬁe-tailed Wilcoxon Matched-Pairs Signed-Ranks test



58 407(52)
399(51) y

408(52) PW0.2003/104273

Pl QP QPFP P 26
Wi
G oup 7:

Peptide 618 39 618(79) w PQUSFSYQQQPFPQUPYPQQ 18( 7)

5

.................. S, ... Q L ... ... PQ14(5) 63
............. T ... ...... ............ L Q@ 13(5 67
........ SKo ... oo o P 12CT)GB2AB/@7H049) QP
........................ Q........... P11(5) 72 397(51) P QP
s To Q..... 88 . 11(3) G oup 6: Peptide 625
625(80) co . QQPQQPFP . ............ QQPQQPFP 22 (9) 57 624(80)
......... 14 (6) 65 628(80) w.........TQEFPLQ 12(4)

WO

2003/ 104273 PCT4p828.0B{fQ 24 Behmidatiohdiyl t Rtb. gliBiina 0.5 invg/iny) amtl A-pliidin d7+al
t TG deam dat ed Pools 1-3 peptides in. Subject Cl2:

Sequence 8 AVRAPMIBIGRABEOACPOLISH )t %pb@ﬁﬂWﬂ@ﬁ&) aB® 18 5

MRVTVPQ & oo T
-------------- healthy centrel-subjects (HO1- 10)'%@%}(@1@2[‘@%0 tPGAYEYIRGAL,
:::::::::::;:';;néé:::::::::HZ:::::ECMPLVQQ 77 18 3 MVRVPVPQ
............................ H..... 17 . KQWPLVQQ
-------------------- Peptide - - - - - HealthyDa‘?é 15 Codiiac-HVFPU Coeliac Day 6
:f::::f:::bﬂ::@@M¢W@w®h.P%@%ﬁbﬁ&\@%@é%ﬁ 2 RNRVENPQ
............... Gliadm epsinr_* " 14(05 1.4) 10 14'(08-40)* . . 19(1.1_44)** P
EQUPLVQD 49 5| 9 AVRVEDBG. | Lo 27
K. ... .. ..., .. .. P047227793 GSECONPLVOQ 49 3| 7 AVRVPVAQS G312"

19
...... L........|  Re=‘;’sEs 0 EQuPLVYGE 33 3 10 7fMWRVPWPG .. . .
................ . P0286377-93Q85 19 ... ... L. .. SE910.9 L.
M/RVPVPQ. . . . . .. D 15 2
P PO2SGI TR ESS 1 . GQVPLVQD 0. 10(08-12)

No.

TTG>no tTG: ¥*P<0.05 **P,0.02, ***P<0.01 by one-tailed Wilcoxon Matched-Pairs Signed-Ranks test

Sequence % No.

L
EQVPLVCE 4



12 AVRVPVPQ ... ... .. Koo '8 21
P P.o........ RQVPLVQQ 0 11 AVRVPVPQP

......... W0.2003/104273. . P......... 0 Core sequence of epi PepaB2003M0ae0] i ned.
Predi ct ed deam dat ed sequence is: LQPENPSQEQPE WD 2003/ 104273

PCT/ GB2003/ 002450 98 Table 22: Ph to engtic groupings of wheat (Triticum
aestivum gliadins Al ha/beta-liadins (n=61) Al al AAA96525, EEWA, P02863
Albl13 B22364, P14 Adathy CABEGSFNAEINSHAIRSpoBes CAASBARBionPIBEITC3, S10015
Al0 AAA96276 A2a2 CAB76964 Al a4 CAA26384, S07923 A2bl P04724, T06500,
AAA348282  AlamdbAA3HRE8 AR)Zo D2 Ie4teAbRRIIRQEFRS INASoRDATR S o1 T166498,
AAA34276 Al bl CAB76962 A2b4 C22364 Alb2 CAB76961 A2b5 CAB76956 Alb3

BAAL2S1S A3al AMGAR (i nAGIAEC) BRAA 26poiiklprehiodn BABTROCO A3a2
1307187B, A27319, 13333 Al bs CAB76958 A3b1l AAA96522 Alb6 CAB76959 A3b2i

AAA34279, F>047%,up ﬁ;ﬁA%Eg%@%IWLEj 62R5, S07924 Al ba AAA96524 A3b3
A22364, AAA34278, -AAB23108,” (61218, P04725 Alb9 CAA10257 Ada P04723,

Mo CABTo057 RIS AUATORE At CRIBaT cooan et At or RS PP adins
Caci 1057, cac 0RERTERAAL AR MEVLRLRIE™ 2, 064, cac11080, caG 107,

Gl5b AAK84773 AA%O443G§!'“,I1L, CACHI087 G 5c—AAK84776—G1d CAClj@jaf;;zG 6a
JA0153, P212 gmbjé%é\""\3427§01 5073337 04C1}'mg: GO 5o Gl AGY81Y 77 1T 327
JS0402, PO84AS T A \34289 5 GLOT [180P40TA 5 AARS4AT 6o 2, AARBATBE | Gls2b AAF42989,
AAK84779, AAKB4779 vealv| AAB3T090 3a |AAK84778. Gl.a AAA34287, |[P04730) S07398
G13b CAB75404 Gib 120p308A . . [ . [ 1. .. L L L
4 . ] . . . . . 13 | .
5 17 ] . . . ] ] . 24| .
6 311.
7
8
9
10
11
12
13
14
15 | .
16 | .
17 | . . . . . . .
18 | . . . . . . 20 | .
19 | . .
20 | . 11 . . . . . . ] .
21 . 115 . . ] . . . 27 | .
22 . . )
23 | . 43
24 | .
25 . 11
26 | .
27 .
28 | .
29 | . . . . . . . .
30 | . . . . . . . 23
31
32 . . .
T33 . 20 | .
34 | . .
35 | . 11
36 | . . . . . . . ] .
37 | . .. . . . . . 18 .
38 14 | . . . . . . 12].
39 1. . . ] . . . 11 ].
40 | . 14 | . . . . . 17 |.
41 | .
42




Gl3c BAA11251 G Illa P04729 Gl4 EEWIG P06659, AAA34274 G| 11b AAA34286

Oe a-

liadins n=3 A a AAGL7702 db P02865 4 c A59156 WO 2003/104273

PCT/ GB20030C0@348@27399 Tabl e 23. Synt heti c pepti des spanmCRgsB003/dopepon wheat
gliadin 12ners Protein Position* Sequence No. Protein Position* Sequence

No. POOLI POOL 43 AIAI 20 AVRF PVPQ LQPO NPSQ QLPQ I G 2A 33 QQQL VPQL
QQPL SQQP E 331 _AlA2 20 MRV _PVPQ | QPQ _NPSQ QQPQ 2 QU FPQP
HQPF SQQP 332 ﬁ Bl—20—MARV-PVPO-HQPO-N SQ QH. 3l o4 133 LQP
HQPF SQQP QQF—333—4§ B2 20 {wWRV PVPQ LtOPQ BPSQTOPR 4 GI54A 33" PFPQ
PQQP FSQQ PQQ 334 A B7 20 W/RV [TVPQ.LOPO NPSQ D5 G5B 33 PFPQ
PQQOP QQPF PQPQ 335 A1 [.B8 (20 AVRV -SVRPQ | QPQ NPSQ-QQPQ 6/ G15C|33 Q FRQP
QQPF YQQP (QHF :B8-120-AVRV-RVRO- L OPOQ NPSO-QORPQ- 71 -GLEA 33— FPQP
QQPF CQQP t—337 £y B 1020 TAVRW PP I-OPCQNPS 29'5‘_“&0'7’;‘%6(::42 FPQP
QQPF CEQP QRTT 338 FC 4 441" AZB3 20 AVRV RVPQI TR NRSQ. QPO P G 1 A
42 HQPF SQQP F_POPQ) -QTEP 1389 BS . 20| WRV._PVPQ LQLQ NPSQ[QPQ 10 d 2A
42 QOQPL SQQP [QQrE Dfﬁ‘ QTEP 2840 3AL-20 L AVR\/ P\ PQ POPQ NPSQ |1PQPQ 11 Gl 4 42
HQPF SQQP QQIH r\{r\, g‘rl—.r FA4—ASB-—30-AYRY .V’PCg'L’Z“K NP PO—12 SA 42
QQPF SQQP QQF POPQ GfFP—342 AV 28 [LOPQ NPSQ QLPQIEQVP TVQQ. 13 GbB 42
QQPQ QPFP QP(Q PA.P F 3433 AT A2 28 ' LOPO NPSQ|C . EQVP LV 14 5C 42
QOPF YQOQP CQHTE_PQPQ_6STCP 3444 LA 11 -B |1-2811 QPQ NBRSQ OHPQ EQUP [LVQQ 15 d 6A
42 QQPF CQQP -OFHHH-345—AHBZ—28--OPR-DRSO-QOPG-EVP =-veR-16 G 6B
42 QQPF CQQP QrRH2346 POOL . 3 POCLAS AZB T 28] LQHQ [NPSQQOPQ KQVP
LVQQ 17 d 6C [4Z QOPFeLEQP [ORTI . PQPH QTFH| 3 ] B3 28 LA QINPSQ QOPQ EQVP.
LVCE 18 G - | A 50 _QQIE PQPQ-QIEP HOPQIQQER:- 348 A2B5128 | Q.Q NRSQ-QQPQ EQVP
LVCQE 19 Gl4 5 7 Q Q‘I’I’j’!.ﬁl HOPR-QFP—349 %\3’*.' —28—PPO-NPSO-PPY GQVP
LVQQ 20 d 5A 56 F5 OTOREPHOPO QAFP 3501 —A3A2 28— POPO INFSO PCPQ RQVP
LVQQ 21 Gl16A [50 ORTT ¢PQPH [ONEH. 0 QIFP[ 351 B 1128 [[OPK NPSO OOPQ EQVP
LVQQ 22 G 5A (58 QIEPSHQPQ |QAFP. QPQQ TFEPH|[352(. AAA 2&. 1 QPQ NP$Q QQPQ EQVP
LMXQ 23 Gl6A |58 QFEHSHCPO IGRER: OPOO TYPHL 3531 ALAL-36 QPO [EQVPLEVAD QQFL
G 24 4 6C (56— OFH; QTOTFP—CPEQ—TYPH 354 : - - ' T
72 11 .
73 14
74
7
76 14
77
78 11
79 11 19
80
81
82
83
P04722 7793
P0472277-93 E
P04722 7793 E .
P02863 77-93 11
P02863 7793 E . . . . . . .
Gliadin+C 71| 40| 25| 16| 10 18] 14 . 17 90
Chymotrypsin 29 26 18 | . . . . 221, =
Gliadin*Pepsin | 241 | 151 | 29| 24| 48 16 | 45 19 35
Pepsin




POOL4 POOL46 A 1B | 36 QHPQ EQVP LVQQ QUFL GQQQ 25 Gl5A 66 QAFP QPQQ TFPH
QPQQ QFPQ 355 AIB2 36 QQPQ EQVP LVQQ QOFL GQQQ 26 G 5C 66 QHTF PQPQ QTCP
HOPQ QQFPWBR603/MiB312 36 QUPQ EQVP LVQD QOFL GQQQ 27 G GATASB2QIHM2GPQQ TYPH
QPQQ QFPQ 357 A2AI 36 QQPQ EQVP LVQQ QUFP GQQQ 28 G GC 66 QTFP QPEQ TYPH
QPQQ QFPQ 358 A2BI 36 QQPQ KQVP LVQQ QUFP GQQQ 29 G 1A 73 QTFP HQPQ QUFP
QPQQ PQQD 359 A2B3 36 QQPQ EQVP LVQE QOFQ GQQQ 30 G 2A 73 QTFP HQPQ QQVP
QPQQ PQQP 360 A3Al 36 PQPQ GQVP LVQQ QOFP GQQQ 31 G 3A 73 QTFP HQPQ QUFS
QPQQ PQQQ 361 A3A2 36 PQPQ RQVP LVQQ QOFP GQQQ 32 G 5C 73 QTCP HQPQ QUFP
QPQQ PQUP 362 TRAOLE XSideTminaredIgiadinpep ool BoviDeOinicag Bere@aa 73 QTYP
HOPQ QQFP QTQQ PQQP 363 Al Al 44 LVQQ QUFL GQQQ PFPP QUPY 34 G I A 81 QUFP
QPQQ PQQQ FLOPIRY P46 4espbhseBbatwidn DYDaDPhy GOOEluGHRAaGRY i8BHLAL2A 81 QQVP
OPQQ PQOP FLOP QQPF 365 AIB12 44 LVQQ QOFL GQQQ PFPP QOPY 36 G 3A 81 QQOFS
QPQQ PQQQ FI QPDQRREeIBGGubjeAIC014 (DYQR-NEF P r SpRk3 e PRRA 1GY r @forfseetio81 QQFP
QPQQ PQQQ FLQP RQPF 367 A2B3 44 LVQE QOFQ GQQQ PFPP QUPY 38 G 5A 81 QUFP
QPQQ PQP FPQRIRQABRGtedABA andidsainVQRyIQRHR uEHERRPY 39 G 6A 81 QQFP
QTQQ PQUP FPQP QQTF 369 A4A 44 LMUQ QQOF PGQQ EQFP PQOP 40 G| A 89 PQXQ

FLOP QOPF PQQOP QUPY 37iN: EPGRLG PQOGL ASTA/

GL3A 89 PQQQ FI %i%m' Y 371 Al

GL3B 89 PQYQ FI PQ 879

D 44 L MG Qigeyt POQAGERRR PQQP 41
Al 53 PFPP QQPY. PQPQ PFPS 42

| 8% 581 miligsb oaBYIBPQ FPSQ 43

Gl4 89 PQQQ FLOP ROPF PEHF+QOPY 373 Al

G 5A 89 PQQP FPQQ PQQQ FPOP QQPQ 374 AZ
G SC 89 PQQP FPQP'QPQ OBFP QPQQ 375 A3
G 6A 89 PQQP FPQR; QUTF BP QLPF 376 ;A
POOL 49 A4D 53 GQQE RFPP QQPY PHQQ PFPS
377 POOL 7 G SA 1105, QQPOPFP QQPQ QGRF
QPY LQLQ 49 GI5A;113 QR QQUFP QPQQ B
LPYL QLQP 50 G SA 121 QPQQ PQQP FPQP QH
PFPS QQPY LQLQ 512G | MA0126 QQPF PQQR-(
PQQQ PFPS QQPY %Q 52 GJRA 126 QQPF PQX
PHQQ PFPS QQPY PQPQ 53 GI3A 126 QUQPF P\
QLPY LQLQ PFPQ PGP 54 @%* 126 RQPF PQGH

QQAPY LQLQ PFPQ P%P 55 F; 50 AIB IQIE
126 QQPF PQPQ QP PFPQ QQ 385 POOL"§
386 46 12%%% 2.1

17

48 14

B4 53 G SFPP QOPY PQPQ PFPS 44

B 1 53 PFPP QQPY PQOQ PFPS 45
Al %3 "OFPP QQPY PQPG PFPS 46
A 53 GQQE, kPP QQPY PHQQ, PFPS 47

48 G SA 97 PQQQ FPQP QQPQ QPFP QOPQ
> QPRQ 3780"AI Al 61 QQPY PEPQ PFPS
P EPQP 379.. Al A3 61 QQPY,PQPQ FPSQ
Q LPFP 380 A | B | 61 QJPY PQPQ

XOPY6 PQOP QCPFE 381 A2B | 161 QQPY
P QOPF PQIQ.QPQQ 382 A4A.61 QQPY
P %Y P%P QOPF 383 AIAl 69 PFPS
b O8PY PQUP“GQPF 384 AIBI 169 PFPS
9 PEPS TQLQ PFSQ PQLP 56 G SA
Glsgc 128‘%@3F PQPQ QAQ_QT'EFPQ PQQ
82 5
83 1.8

22%%% 1.

16**

Day 6 vs. Day 0 **P<0.02, ***P<0.01 by one-tailed Wilcoxon Matched-Pairs Signed-Ranks test



AlBI 1 69 PFPS QQPY LQLQ PFLQ PQLP 57 Gl6A 126 QQTF PQQP QLPF PQQP QQPF 387

A B 12 69 PFPS QQPY LQOLQ PFLQ PQPF 58 G I A 134 QPY PQQP QQPF PQTQ QPQQ
388 A2AIWORRFRRTAOPY LQLQ PFPQ PQLP 59 G 2A 134 QUPF POQTGERPQDIRERQ QPQQ
389 A2Bl 69 PFPS QQPY MOLQ PFPQ PQLP 60 G 3A 134 QQTY PQRP QQPF PQTQ QPQQ
390 A2B2 69 PFPS QUPY MQLQ PFPQ PQPF 619G 5A 134 QPQL PFPQ QPQQ QPQQ PFPQ
391 WO 2003/ 104273 PCT/ GB2003/ 002450 100 A2B4 69 PFPS QQPY LQLQ PFPQ PQPF
62 GL5C 134 QACAbIPFRQUGRQOsHjRG: FENP ER9Spot R2B5onsS SRPREQIDY REMQ PR PQLP
63 POOL 51 A4A 69 PFPS QUPY PQPQ PFPP QLPY 64 G 6A 134 QLPF PQQP QUPF PQPQ
QPQQ 393 POOL>@x Giftd cibto@RQrBRROPGREP RERQ DPoiddten ABIeage PFPS QQPY
PQPQ PFPQ PQPF 65 G 2A 150 QPQQ PFPQ TQQUP QQPF PQQP 395 ALAI 77 LQLQ PFPQ
PQLP YSQP QPFRsAAmBiaAPHRE) (R0R: QuimsPRRPpRRRI RDEQ 0396 Al M 77 LQLQ PFPQ
POLP YSQP QOFR 67 G 2A 166 PQOP QQPF PQTQ QPQQ PFPO 397 Al B 1 77 LQLQ
PEPQ POLP YLQRGERIR SOl pOvAntIHees, BRD-GRARLFPQ SO 398 A B4 77
LQLQ PFPQ PQLS YSQP QPFR 69 Gl 2A 170 QOPF PQTQ QPQQ PFPQ LQQP 399 Al B 10

77 LQLQ PFSQ PEL& YzSQﬁLQ?BBﬂngﬂ%&ﬁoé(ﬁOs,@@ﬁ, Eﬂﬁg@i%oﬁﬁp%‘é nd00 A1 B
| 1 77 LQLO PFLO POLP YSQP “OPFR 71 POOL 52 Al B 12 77 LQ.O PFLO PQPF PPQL

SQ 72 Gl O
QPQO PFPQ LOGP 408 AR TR DA PoRe P A VR Y75 BBt oo popo

e Prpg sou? S B B BRI o201 ovb 7 i A 176 GO0 LG

SQP QUOF SQPR405—7A2R], ff tEQ PFPO PP YRER,PFR TP (Grads PFPQ
LQQP QQPF POPRIARS A28 [7dh: rehsQ doFPEsAERE| ARG E¥AQ | [@isfct 18 1EPER | PFPQ
SQRP QQPF PQPQiding AZ2BS |72/ TelsQBFPR2 HQLP) YRQPSRAR & | 18 & ds 178 (R PFPQ
SKQP QQPF PQPQ_4080aA3131[ /7 [LQUQ PFPQ PQPF [LROL PYPQ V9 POOL §32A3B3 |77
LQLQ PFPQ PQPE_PPQ_PYPQ 80 (3 5A 178 QPQQ PFRPQ | QQR_ QQPLL PQPQ 4085 | POYL 11
G| A 186 SQUP-QIQF—SOROCOFPHOPQO-410—AdA T7—PEPQ-PFPP 1SR POFS PFPP 81
G 2A 186 LQQPQOPF PORPQ QEPTOPQO 41T — A48 77 PRPQPFPQ PCPE PROCPYPQ 82
GL3A 186 SQUP[ UPF PEPOILIFP|OPUO2ALZ |AT_Al["86| PAIP YS5QP OPFR|P QP 83
Gl4 186 SKQP QQPE PQPQ- QPQQ $FPQ 413 A | NG 85[PAIP YSQP QRFR|PQQP YBQP 84
GL5A 186 LQQP-QoPL—P&RQICPABIPFRG 414 _IAI4R 1 285 480 p V| lop _ORFR—POOPIYPQP
85 @ 5C 186 S = ~of o PRl ok, 2l 114 32T 4000~ ke -f D 3/-\1-&-» YP
Q7 [ ST 5 St #6410 T34 69 PP [YSQP RFRPAR YPQP
86 G | A 194 SQPQ QGHP &P POUS BPUIATE | ATEst B9 PO Yo(P QPFRI PCX
YPQP 87 POOL 54 AL1322 26| PORESHPES | PYSQ PORFIRPQI [88 (31242104 [PQPO Q1 P
417 13 9311 : 0 . .
PR PRS FP 14 45 21 17 . .
' 15| 18[ 30 38| 43
16 | . 37
17 (.
18] .
19 11
20 11| 215 51| 167
21 | . ) 11
22 | . 21 ) ] . .
23 | . 18 21 12 | .
24 | . 15 10 . .
25| . 15 : ) 12 | .
26 | . 18 i 13 12 ] .
27| . 15 ) . .
28 | . . . 11
29 1. 11
30 11 : 11
<31 . 70
32 1. 18 20 . .
33 11 10 14 11 . 40 11
34 . 11
35| .
36 | .
37 . 23 14
38 1. 24 19 20
39 | . 49 15 11
40 | . 14




POOL 12 G 3A 194 PQPQ QQFP QPQQ PQQS FPQQ 418 A2AI 85 PQLP YPQP QLPY PQPQ
LPYP 89 G4 194 PQPQ QPQQ SFPQ QQPS LIQQ 419 A2B | 85 PQP YPQP QLPY PQPQ
PFRP 90 GVBA0IBUW4PPQ QPQQ PFPQ QQQP LI QP 420 A2B2 85 PORPGEIPQUIIRMPQ PQLP
YPQP 91 Gl 5C 194 PQPQ QPQQ SFPQ QQQP LI QP 421 A2B3 85 PQLP YPQP QPFR PQQP
YPQP 92 G 1A 202 QPQQ PQQS FPQQ QPPF | QPg 422 A2B4 85 PQPF PPQL PYPQ PQPF
RPQQ 93 G 2A 202 OPQQ P FPQQ QRPF | QPS 423 A3Al 85 PQPF PPQL PYPQ PPPF
SPQQ 94 G 3A P02 QPGDIPOCE 2R q;fup s 424j1|3% 131 HOOL[55 [A3B[ T 85
PQPF LPQL PYPRQ_PCSF ©p 51 A 240 BPOQ ORPHL) LQ C_425 [A3H3 85
PQPF PPQL PYPD-PESFBPCE) BelGH-pA -0 oo RpE | &ic L”QC:L—ZE&EC 4261 L vn 85
QLPY PQIQ PFPPQPY HQPQ 971U 3R 280 nFQQ RS T (S QRO CLNPC 27 1A48 85
PQPF PPQL PYPQ TQPE gpou) 9&03;(34 oA .g%o EROQ QP | GRY L rlngc 28 |AZAl 106
LPYP FRPO_ORYP 47! Q80| 6 0 _FPQQ 3] CRE. _LQDQ-MNPC 4291 | A2B 1
106 LS\?SPQPQPM P2EPtP-reo-G-ARe | GREHEGHD- WNPG-KNF—HQ8E 43d A
| 106 LPYP QPPP FSPQyQPY P :l0hs G aA 218 S 70001 NPEKNHTOR57431
A3B 1 106 LPQC_PYPQ #QSEs P BYIPQ7 102 |d 3A 228 12 L CNPC KIS
432 POOL 14 POOL S5&2NMASIQEIPPQL PYPQUTIQRE! RPN PYROQ 103 -G KA 218 | QPY LQXQ
M\PC KNYL LQQE-433—AIAR- 123 LQPAR PO P ¥-BQPo-104-G-6A- 1218 1 OSF
LQQQ MNPC KNFE+00e A34> AtB6—+12 Q?FL% POCL VPP &Q{ SQPO-1H51G 6
VNPC KNFL LQQC KRPVS &VS® 35| AZA T [ 112 OPFR_PODP YPQS| QPOY[SCHU 106 W 2A
226 LNPC KNI L[ LQQS KPAS [VSS[436 APR 1 112 [ORFR RGOS YHAQP _QPQY_SQPQ 107
G 3A 226 LNPCKNFL LUIRS KPVSILYSS 437 A3 112 PRAIS-PRR ¥PCRCPOK POPO
108 G 5A 226 MNPC KNy TG NPVSEYES 438 33532 P—POPTYPORRAK
LQPQ 109 G 6A 226 MNPC. KNFL 11QQ00 NHVS TVSS| 4390 [A3B2 T12~QSFP QP YPQQ
RPMY LQPQ 110/ G 1A 284 110008 KPVS 1IVES [WAM |MWBQ[ 440 PPAL_15. POOL 57 A3B3 1
1 2 QSFP PQQPLYRPOQ CPQOY LQPOH 1] G2A 384 ILQOS KEAS | YSSELWSI 1WPQ 441
MA 112 QPFP P PaY 3§<}“Q132; S3A2B4EEREHKPYS| LYSEHEREMH-PR442
A1l A1 120 YPQP QPQYSQPQ OPI'S D316 5A 284 HOQC| NPVS[EVSS TSl LPR
443 A1133 120 YPQP sapPQY_[SQPQ EHI 37 ) 114 [GHBA 234 LRQC NHEVS ILVSS LVSI
| LPR 444 A2A 120 YOS (PQY SEPQ20PI S 1QDD (1151 G LA 242 -1 VES WM | WRQ
SDCQ VVRQ 445—MA— ?,*&'-0 \Apég QROY 1?):};; S S 16 Gl AA-242- LSS
| WPQ SDCQ VI 446 AT L2000 RPRYLOPQ GRS GO0A] 117 BIRA 242 1VSS
LWSM | LPR SDCQ VNRQ 447 |A3BZ 120 Y REOY [COP S 18 [GI4[ 244 LVSS
LWSl | LPP SDCQ VWRQ7248 PO 16 PON 53 IABH3 1190 YPQQ QRQY[ L QPQ COPL S |QQQA
119 G 5A 242 EVSS L\v;gr/r PR SDOK \VIVRO-449| ALAE L 198 SOPQ-ORI SO QA0
QQQ 120 G 50242 t¥SSMSMirERR—SPEOWMED 450 — 7
: 77 | . 88 10 13
78 18 17 69
79 11 85 44 29 12 44 43 .
80 | 132} 133 33 | 240 39 12 208 | 467 12 70
81 171 ] 318 | 113 | 367 | 104 12 211 | 530 74
82| 181300 17] 125 32| 16 241 [ 723
83 14 | 164 31 21 163 | 277 15
P04722 77-93 211 201 ] 75] 281 66 78 | 740
P047227793E | 164 | 297 | 108 | 221 64 10 84 | 653
P0472277-93E | 161 | 182 | 98| 256 | 73| 16 63 | 500
P02863 77-93 139 | 164 35 94 36 29 | 603
P02863 77-93 E 46 | 176 19 88 41 23 | 520 .
GliadintC 214 | 273 | 265 | 360 | 384 | 206 278 | 543 17 25| 527 71
’ Chymotrypsin 18 . .
Gliadin+Pepsin | 239 | 315 | 269 | 406 | 207 | 292 357 | 557 42 89 | 335 87
Pepsin 14




A 1133 128 SQPQ EPIS QQQQ QQQQ QQQ 121 G 6A 242 LVSS LVSI |LPR SDCQ VMXQ
451 A3Al 128 PQPQ QPI'S QQQA QQQO QQQO 122 G I A 250 | WPQ SDCQ VMRQ QCCQ
QLAQ 452 wA 2009/10288 QQQQ QLY QLR QLR | LQQ 123 G 3A 2BOTICHR2RIBDEE0 VIVRQ
QCCQ QLAQ 453 A 1A6 138 QQOQ QQQQ QOO QEQQ 1LQQ 124 A 4 250 | LPP SDCQ
VMRQ QCCQ QLAQ 454 Al B 11 138 QQQQ QQQ2 QQQQ QQQQ 11 QQ 125 G 5A 250 I LPR
SDCK VVRQ QCCQ QLAR 455 WD 2003/ 104273 PCT/ GB2003/ 002450 101 A2A1 138 QQQQ
QL0 QOKQ QO QA 126 A 5C 250 | LPR SDCQ VMQQ QCCQ QLAQ 456 POOL 17 POOL
59 A4B 139 AQQIabed® Demoidatdpeptide viilymern hoaa ity VRO RIARADSS 00 LQCA
457 AIA 1 146 QQQQ QQQQ I LQQ I LQQ QI P 128 G 5A 258 VMRQ QCCQ QLAR | PQQ
LQCA 458 Al A6 146 QQQQ QEQ@@/ml) @CHLACKRQRIch¢Hiat 3@bj@ItsCORSS VMQQ QCCQ QLAQ

| PRQ LQCA 459 A 1B6 146 QOOQ QEQQ ILQO MQQ QLI P 130 Gl6A 258 VMOQ QCCQ
QLAQ | PQQ LQCAR#E0 ™A | B 19146 QQQQEQQ FI'OQ™M LQQ QLTP=t31 G | A¥266 QLAQ
| PQQ LQCA Al HT IIHS461 AI B 11 146(S@@QQQQQQIIQQILQQQ_IP 132c:@ | B 266
QLAQ | PQQ LQCA 2 ¢ T T T

266 QLAQ | PQQ LQCA Al HS M%i&Ap&&pyqusAz 891,46 Q&R C@QQQ bpw@fpbp@% QLI Pud34 G 3A
266 QLAQ | PQQ LQCA Al RS oMo Bflary POOLs 138 PQOL GO Adhsd @ QQQRATLQQ

| LQQ QLIP 135 G,5A 266 QoRrd Rk QCA ALHG LVHS 465 | oMedeflrvidf3 | LOR: LQQ
QLI P CMDV VLQQ 136 GL5C 266eddkedrrk PRQ JLGQCA Al HS WHS dfifreqobereB® 163 17kl QQ
MQQ QI P CVDV YLQQ,d37 (alfhehfifrimtd:-AQ J HQQ LLQCA Al RS \NAdR-Rdrr A | 5B 10 163
I L@ I L@ Q-TP CNDVGU LQPFJQ%%PFP@PAQP%Q274 J‘O@A 'ASI HT40LI HS J)LHMQ)%QQ 46816 °)AZB 1
163 1LQQ I'LQQ QI P CRDV M (L 13%.&11 B 974 LQACA ﬂél QMQ&QPFHQMQ QEQRA69

A3A2 163 ILPQ I |LQQ g_| P GRIVMLQQ, 140 (G 2A 274 AAQH o) @§QQ ||va 470
AdA 163 TLQQ ILQQ QI P Lon LLYQQL 141, (,éoo_ 61 Al ,6 1LQQ

HNI A HGRS 142 G 3A 274 Ly gﬁ{%ﬁ; VHS | [ MQ c;QQ%g?l L k] % §14 é’ 4 LQCA
AHG NS 11D B0 73 4° iw%m@'m“ oV UGS LB e o) Cwekt7a
L Al RS VI\A/SS |”|QQ : TN 5%7f“€j_| P Q\? " H NTQV s 145°G 1 A
28QSA| IHS |1 MQ QEQ%QEQQSQ&@WQ%%““N B10 171 BN A RERS 146
G | B 282 VIHSYIM) CE QT"TEEP 478° Al Bl1 f‘?l WP‘B’“’ ""ﬁ’?l_ FNl v HeKS
147 G 2A 282 WHS || ° D 477 AJZA 1‘71 q;‘i“‘ﬁf"" "F\/LQQ HS A YGSS
148 G 3A 282 | VES | FvQ ¢ Q 478 A2B 1° 171"ETPTEREN VLQOHSI A

HGSS 149 POOL 62, ASB3 17 &L ERDV VETOQ HRI A FiSSS TEHCEFEDE2 wWHS 11 MO
QEQQ EQLQ GVQ 479 “POOLCPHHFBRMIZ RS | | M) QEOQ QIFFFAXXRSM80 ASAl 171
QLIP CRDV VLQQ FINI AHARSCTSTEFST2 282 S | YMD GEQQ QNYTTRI°481 ¢

39 TQQPQQPFPQQPQQPFRQTQ 23 (9) 624 FTQPQQPTMIQPQQPFPQQP 14 (6)

7 609 SCISGLERPWQQQPLPPQQS 23(18) 58 407 QPQQPFPQSQQPQQPFIQPQ 14(5)
23 385 QQPFPQPQQPQLPFPQQPQQ 23(7) 59 337 QQQPFPQPQQPFCQQPQRTI 13(4)
24 175 PQQPF;’QPQQPQQPFPQPQQ 23(10) 60 634 PQQLQQPFPLQPQQPFPQQP 13(3)
25 406 QPQQPFPQLQQPQQPFRQPQ 22(8) .61 388 QQPYPQQPQQPFmTQdPQQ 133)
26 625 - PIQPQQPFPQQPQQPQQPEP 22(9) 62 641 FPELQQPIPQQPQQPFPLQP 13(7)
27 378 QQPQQPFPQQPQQQFPQPQQ 22(10) 63 399 QQPFPQTQQPQQPFFQLQQP 13(5)
28 371 PQQQFIQPQQPFPQQPQQTY 22(10) 64 387 QQTFPQQPQLPFPQQPQQPF 139)
29 642 PQQPQQPFFLQPQQPFPQQP 20(8) 65 628 PFPWQPQQPFPQTQQSFPLQ 12(4)
30 635 PLQPQQPFPQQPQQPFEQRQ 19(5) 66 88 PQPFPPQLPYSQPQPFRPQQ 12(3)
*31 93 PQPFPPQLPYPQPQPFRPQQ 19(5) 67 408 QPQQPFPQSKQPQQPFRQPQ 125
32 177 PQQQFPQPQQPQQPFPQQPQ 19(9) 68 7 LQLQPFPQPQPFPPQLPYPQ 1)
3 in LQQP.QQPFEQPQQQLPQPQQ 19(4) 69 370 PQQQFLQPQQPFPQQPQQPY 11(5)
3 415 SQQPQQPFPQPQQPQQSFRY 18 (5) 10 79 'LQLQPFPQPQPFLPQIPYPQ 115
T w3g 94 PQPFPPQLPYPQPPPFSPQQ 18(3) 7 379 QQPQQQFPQPQQPQQPFPQP 11(5)
36 329 PSGQVQWPQQQPFFQPQQPF 18 (4) 7 397 PQQPQQPFPQTQQPQQPEEQ 11@3)

* Indicates homologue of A-gliadin 57-73 with the core sequence PQLP(Y/F)




A3B 1 171 QLIP CRDV VLQQ HNI A HASS 152 GL6A 282 VANS || MQ QEQQ QGVP | LRP

482 Al Al

179 VLQQ HNI A HGRS QVLQ GQSTY 153 G I A 290 QEQQ EQQQ GVHI

L

LPL

YQQQ 483 WA 2005310278 VLQQ HNKA HGRS QVLQ QSTY 154 G 2A 290TEIR@AOB0QGE D
|FLP LSQH '484 A IB2 179 VLQQ HNLA HGRS QVLQ QSTY 155 G 2B 290 QQQQ QQQQ
QGVH I'FLP LSQQ 485 A1B7 179 VLQQ HNIV HERS QVLQ QSTY 156 G 3A 290 QFQQ
EQRQ GVQ LVPL SQQQ 486 AIB10 179 VLQQ HNI A RGRS QVLQ QSTY 157 POOL 63

Al B11 179 VL

HNI V HGKS Q\/L
fxPep

) OSTY. 158 Gl4 290 QEQD EQLQ GVl LVPL SQQQ 487

POOL 21 G 5A 2@ab 200/ Sboactive aPAEH2 QIgY srogpe U:G{BIFA- YGSS QVLQ
QSTY 159 G 5C| 288k QEQQ E¥y%r°l LRP [LFQL VQGQ §fs‘9ﬂ°eA25 1 179 |V HERIA [HGSS
QVLQ QSTY 160| GL6A |2905 k(X4 | LRP LFQL AQGL 490 A2B3 17 ek HNIA
HGSS QVLQ ESTY 161 |G 5A 298 QQQQ|QQQG | @ M RPLF QLVQ 491 [A3&b22178 MLQQ
HNI A HARS QVLQ QSTY 162 G I A 305 |GVH LLPL YQQQ QVGQ GTLV 492QEsaAsBE 179 VLQQ
HNI A HASS QULR-Q5TY—163—6-2A—300 Bl _FLPL ofC_f‘J.Engi}vg;ﬁ est\v-493 8B IA-179 VLQQ
HNI A HASS QVLQ CSSY 16%40&3:2B3305 [GVigL ok RVCQ GSEV 494 —ALA—187
HGRS QVLQ QSTY QLLQ ELC® dss PO GAQIAlYM.JB? HCRS. . QVLRPOSTY Ol ELTUC 166
G 3A 305 GVQ [LVPL [SQOQOMNAS® GTL\/ 8RFIpaR. 2214305 Q/Q | W¥R12) S QAR
G LV 496 Al BB—187HERS L O-05TY-R-FECE-167CFSA-308Y ¢ Q) 54 Qv
QGG | | QP 497 A B TT 380 HCKS VI ALY L LT ELCE T T08a 5€ ?375( y&@ LRPL
FQLV QGG | | QP8 498 ABAGH 187 YOSBQEWLO..(GLY.. . QLN CC 169 &lbA 3705 GVPI
LRPL FQLA QALG m;g 499@8(%5 1 187 HGSS: mmmw.igv%w 1901 [ A 313
Vi Il 8 A2RB3 L-4.97% Q- Aa-ALESTPERY 10 330 171

Y@ Q\/m G-I-L" \IJ S 6\(913\ -NAa NS ’rﬁ'c'l:s‘l 'IAHI‘\’ Y'\ hl an W AV 4 ;‘flﬂl\(:'zvm :\t.'\* G 2A
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Group 3: Homologues of peptide 355
FPQPQQTFPHQPQQQFP

17 355(46) v QAueeiieiinsiiie ittt Q 27 (15)

42 348(45) v QOT - e eeeaerrriceerereressaneasrersseessnnesesns 16 (10)

48 350(45) v [0 ) A...... 15(8)°

50 349(45) v (070 TR 15(9)

Group 4: Homologues of Peptide 396
QQPFPQQPQQPFP

21 396(51) y 23 (9)

27 378(49) y 22 (10)

28 371(48) y 22 (10)

29 642(82) ® 20 (8)

30 635(81) ® 19 (5)

44 382(49) vy 16 (6)

45 629(81) ® 16 (5)

46 643(82) ® 16 (6)

60 634(81) ® 13 (3)

64 387(50) y 134

62 6418w . 13(7)
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Al Al 227 Alll

Al AG' 227 Al L

Al B2 227 AllL HOQQ KQQQ Q_ss QVSF 211
Al Bl O 227 AllL HQQQ KQQQ PSSQ VSFQ 212

POOL 28 POCL 70 A |

SAK PTSA

B 13 227 AllL HQQQ QQQQ EQKQ QLQQ 213 G |
QQW QIS PATP 543 A2Al

Gl
G

9 PQQS‘ FLV\Q SQQP FLQQ PQQP 541
il 17 SQQP FLQQ PQQP SPQP QQWV 542

25 PQQP SPQP
227 AllL HQQQ QQQQ QQQQ QPLS 214 Gl1 33 QQW QIS
PATP TTIP géGK 544 A2B3 227 AllL HQQH HHHQ QQQQ QQOQ 215 G |

PQ 545

41 PATP TTIP



A2B4 227 AllL HQQH HHHQ EQKQ QLQQ 216 G| 49 SAGK PTSA PFPQ QQQQ HQQL 546

A3AI 227 AllL HQQQ RQQQ PSSQ VSLQ 217 G| 57 PFPQ QQQQ HQQL AQQQ | PW 547
A3B1 227 WbI2h3/HEE QOO0 LQQQ QQQQ 218 G | 65 HQQL AQQQPCRMB20RSI0245QQL 548

A3B3 227 All M HQQQ QQQQ EQKQ QLQQ 219 G| 73 IPW QPSI LQQL NPCK VFLQ 549
A4A 227 AllL HHHO QQQQ QPSS QVSY 220 G7 81 LQQL NPCK VFLQ QQCS PVAM 550

POOL 29 POOL 71 ALAI 235 KQQQ QPSS QVSF QPL QQYP 221 G| 89 VFLQ QQCS PVAM
PQRL ARSQ.551 Al A6 235 KQQQ QPSS QFSF QPL QQYP 222 G| 97 PVAM PQRL ARSQ
M.QQ SSCH 552 Al B2 235 KQOOQLSS QVSF QOPQ QQYP 223 G| 105 ARSQ M.QQ SSCH

VMQ QCCQ 55T abliZBl BiR@6vikQiion ESB@NMTE QRGIa e Phol? 23 foplides 13 SEbYett MY
QCCQ QLPQ 1PQQ 554 A1B13 235 QOOQ EQKQ QLQQ QQOQ QQQL 225 G | 121 QCCQ
QLPQ | PQQ SRYQ AhR&: 555 A2B4 235 HHHQ BOKQo 0 XL 2726 G T 127
PQ P QQSR YEALRALL-X 6 —A3AL—235ROQ PSSQ VSLO PO G

| PQQ SRYQ A & N L QOSSR |
137 AIRA 11]YS |1 LQ EQQQ VQGS 558 POOL 80 POOL 72 A4A 235 QQQQ QPSS QuSY
QQPQ EQYP 229 G|l 145 |1LQ EQXQ VQGCS | Q8Q 559 A | B 13 243 QLQQ QQQ
QUL QQQQ QKQY X3BV R 153 vOGS 1080 QQQP %g-ocvs-ss@ ----- A-1E@EPIR05 1 100QL
QQQ QKQQ QQPS SQVS 231 G| 161 QP QQG QCVS QPQQ Q5QQ 561  A2AI 260 IQQRQ
QQQQ QPLS QVSF 232 G| 169 QCVS QPQQ Q8QQ QLGQ QPQQ 562 A2B 1 260
QA0 QX GPLS %’%@-23‘3--@1--:1-77 BV A BQ PO CLAHQGFRVEESQ A2B3| 260
HHHQ QQQQ QQQQ QPLS QVSF 234 G| 185 QPRQ QQLA QGTF LQPH Q AQ 564 A3R1 260
QA0 QQQ QPSS QVSE QQPQ 235 POOL 73 A2AI 289 QPLS QVSF QQPQ QQYP SGQG 236
G 1 193 QGTIF LQPMROVAD LEVM TSHAES565 POOL 31 -Gil--201--Q-AQ-HEVRLYS A LRI L

PTMC 566 A2B 1 289 QPLS QVCF Q8Q QQYP.SGG 237 G| 209 TSIA LRIL PT
SVNV PLYR 567 A3Bl 289 QPSS QVSF QQPQ OQYP SSQV 238 G| 217 PTMC SVNV PLYR
TTTS VPFG 568! AYBAPVERO3--QYSF--QQPL- QQYP LGQGISFRR.239..G..|..225QPLYRITTS VPFG
VGTG VGAY 569 A | A6 293 QFSF QQPL QQYP.LGQG SFRP 240 G Il IA | TITR TAPI
PTI'S SNN\N gHFR 570 AlB2 293 QVSF QQPQ TQYP LGQG SFRP 241 G 11 1A 9 PTI|S
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573 POOL 32 G AVRvP¥eQ@3 IQEYR..NNNS..PGHN NPLNeNNNS. 574..... A2B5.. 283LQySF QQAQ
QQYP SGQG RFQP 245 G |1 1A 41 PGHN NPLN NNNS PNNN SPSN 575 A3AlI 293 QMSL
QQPQ QQYP SGQG FFQP 246 G 11 I A 49 NNNSPPNNN SPSN HHNN SPNN 576 A3B 1 [293

QUSF QQPQ QQYP SSQWIBEQR.247..G.).1..|.A 57 SPSN HHNN.SPNN. NFQYrblhdPob77  A3B2
293 QUSF QJPQ QQYP SSQG SFQP 248 Gill A 65 SPNN NFQY HTHP SNHK NLPH 578
. : . : 3

10 MVRVPVPQ.....L.ooooiiiieierennn. ' 19 .. | SRR EQVPLVQE

4 MVRVPMPQ............ | SRR 15 20 | ST | T GQVPLVQQ 0
12 AVRVPVPQ......... | ST 08 21 | S P.......RQVPLVQQ 0
11 AVRVPVPQP.......cocoo....... | S 0

Core sequence of epitqpe is ynderlined. Predicted deamidated sequence is: LQPENPSQEQPE
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A2B5 317 PQAQ GSFQ PQQL PQFE AIRN 280 G i1 |IB 34 PWQQ QPLP PQQS FSQQ PPFS
610 A3B 1 317 PQAQ GSVQ PQQL PQFA EIRN 281 G 11 1B 42 PQQS FSQQ PPFS QQQQ
QPLP 611 WALM0BO727BQAQ GSVQ PQQL PQFQ EIRN 282 G |1 | B POTRARSIAORE0QPLP
QQPS FSQQ 612 Pool137 Pool 19 M Al 325 P@QL PQOFE EIRN LALQ TLPA 283 G 11 1B
58 QPLP QQPS FSQQ QPPF SQQQ 613 Al A6 32% PQQL PQFE | RNL ALQT LPAM 284 G 1|

1B 66 FSQQ QPPE 9000 PI LS (XPP 614 ALB12) 325 PCOl PO RN LARK 285 G I |
1B 74 SQQQ.PI L3 .“'.“‘-:‘3,3‘-‘" $ s -.l Bl -) l EHACES FLPA 286 O
A 17 ATAA REFOBSNC B OB oS 6 T6— A2 BE Sah mPotr PapE A AFONSt PA 287 0O
] A 25 PSNK EL%@‘%@%%‘?&% A351%_§§§ SCE;W LALQ3'-1'1LPA 288 0
| A 33 PQXS FS R 0 A4A 3333b13 Q%%s ooy LALQ TBEPA 289 0
|A 41 QQPF P g?i%g L ALAI 8993 ERRNFUARSTINRA MONV 3 PP 290 0
A 49 YPQQ PY POOL; &% 3 9005 TRk desidoris 333 2B RN LALQ
TLPS NONV Yl PPAIBO10 AJRY sArGRr QESQQ QBZ0QP ARA 1 33% El RN
LALE TLPA MCNViodl PP \283VIRMY, %E?% 59BRPT P@O%%S%Qﬁf@ ®B2  A3A®1L 333

El RN LALQ TLPRu%v?&%%E?@@w% 73 FgEﬁ%ﬂ LS TPl QP 623 A | A
1341 TLPA MCNVAZY BBV SGA0 1A FP 624

Al A3 341 TLPS ABNW ; ARKE 205 Ozl g PF &@F%? %fg JQPFP 625

A 1131 341 TLPA M%"W G 296}2(2@3 § Q@%ﬁgﬁg&% RPFP QP PFPW

626 Al B4 341A1m_mQ QM ~APFG's 286 4£3Qbr HQPQQ BEPW QPQQ

PFPQ 627 A | go FAAPPRRAAERN LYY PP YCTI® _IPEQQQQ%QP@QTIPQRHQTB PFPWAPQQ PFPQ
QaIL

TOGS FPLQ 628 \ibblod9rR0R s AGAL 3417 A MM RRYEH: APVG1299 0 1 A
121 PFPQ TQXS 3 LK %%%QE AZBZ\?'E lAT(I_QQ}!F PRACNQWFPYIRIRROYCST TIAP 300 O
I 61

oI A 137 FAGD RGP AU fTpp vosTa A 301
IP(]PEQRHW @S
302 O 1A 145 Fﬁ%ﬂﬁ%&‘i%%é%@ i A bR vy Y1 B HCST

TIAP 303 0 | A 458 3qR0Q5QE0HQ RUQPF Pl@BC638m nipd TR o348 YI PP I¥CTI APFG

| FGT NYR 304 Q%" A ohflsoRQRbo RRPRPLP ’% ol 34,9 YIPP
YCTI VPFG | FGTAINYR GaB500 LNO0oiE® QQPL BCE PQ%%”“%@%&%%@% Ak B4 349

YI PP YCAM APF 0177 % Q 63§ Pool 40
Pool 82 Al B5 %g%g% Qﬁpgﬁg&@gﬁ% BHECT NYiR Cé?ézi |Hg§§ %@z@l P : Q QSFP

QEQ 637 Al GIF A m, QBFPIQQ QBQQ
PFAQ 638 A2AIx334 % rdiomBy &ggg% | FGT %ﬁq CSQEAPFAQ PQOL
FPEL 639 A2|32P<3>§ % % VG F- %g LA 209 %FAQ POCL FPEL. GOPI
PQOP 640 A3AZ\ 34 ¢d%€ @%m Y FG F %%Yﬁ%%c? ok QQPI3PQQP QQPF

Al LyQ @'mA NORVIERPRAPO Q QQPBsSs QP
EL P gjjz' A3BI AI§12 %, LVQQ QQFL GO0Q PFPP QQPY o FAF GI3A§11%FSUQ2P§$1§Q(§(SZF§QP QQ%E %66PL O F
QP AZA1 44 LVQQ QQFP GQQQ PFPP QQPY 37 G4 81 QQFP QPQQ PQOQ FLQP RQPF 367
A2B3 44 LVQE QQFQ GQQQ PFPP QQPY 38 GISA 81 QQFP QPQQ PQQP FPQQ PQQQ 368 .
A3Al 44 LVOQ QQFP GQQQ QFPP QQPY 39 GIGA 81 QQFP QTQQ PQQP FPQP QQTF 369
A4A 44 LMQQ QQQF PGQQ EQFP PQQP 40 GI1A 89 PQQQ FLQP QQPF PQQP QQPY 370
POOL 6 . POOL48 ) )
A4D 44 LMQQ QQQF PGQQ ERFP PQQP 41 GI3A 89 PQQQ FIQP QQPF PQQP QQTY 371 .
~ AIAl 53GQQQ PFPP QQPY PQPQ PFPS 42 GI3B 89 PQQQ FIQP QQPQ QTYP QRPQ 72
AlA3 53 GQQQ PFPP QQPY POPQ FPSQ 43 GI4 89 PQQQ FLQP RQPF PQQP QQPY 373
AIBl 53 GQQQ SFPP QQPY PQPQ PFPS 44 GI5A 89 PQQP FPQQ PQQQ FPQP QQPQ 374
A2B1 53 GQQQ PFPP QQPY PQQQ PFPS 45 GISC 89 PQQP FPQP QQPQ QPFP QPQQ 375
A3Al 53 GQQQ QFPP QQPY PQPQ PFPS 46 GIGA 89 PQQP FPQP QQTF PQQP QLPF 376 -
A4A 53 GQQE QFPP QQPY PHQQ PFPS 47 POOL 49 )
A4D 53 GQQE RFPP QQPY PHQQ PFPS 48 GISA 97 PQQQ FPQP QQPQ QPFP QQPQ 377
POOL 7 .. GI5A 105 QQPQ QPFP QQPQ QQFP QPQQ 378
AIAl 61 QQPY PQPQ PFPS QLPY LQLQ 49 GISA 113 QQPQ QQFP QPQQ PQQP FPQP 379
AIA3 61 QQPY PQPQ FPSQ LPYL QLQP 50 GISA 121 QPQQ PQQP FPQP QQPQ LPFP 380
AIBl 61 QQPY PQPQ PFPS QQPY LQLQ 51 GIA 126 QQPF PQQP QQPY PQQP QQPF 381
A2B1 61 QQPY PQQQ PFPS QQPY MQLQ 52 GI2A 126 QQPF PQQP QQPF PQTQ QPQQ 382
A4A 61 QQPY PHQQ PFPS QQPY PQPQ 53 GI3A 126 QQPF PQQP QQTY PQRP QQPF 383
AIAl 69 PFPS QLPY LQLQ PFPQ PQLP 54 Gl4 126 RQPF PQQP QQPY PQQP QQPE . 384
AIBI 69 PFPS QQPY LQLQ PFPQ PQLP 55 POOL 50 )
AIBI0 69 PFPS QQPY LOLQ PFSQ PQLP 56 GISA 126 QQPF PQPQ QPQL PFPQ QPQQ 385
POOL 8 . GI5C 126 QQPF PQPQ QAQL PFPQ QPQQ 386
AIBI1 69 PFPS QQPY LOLQ PFLQ PQLP 57 GIGA 126 QQTF PQQP QLPF PQQP QQPF 387
AIBI2 69 PFPS QQPY LQLQ PFLQ PQPF 58 GI1A 134 QQPY PQQP QQPF PQTQ QPQQ 388
A2A1 69 PFPS QQPY LQLQ PFPQ PQLP 59 GI2A 134 QQPF PQTQ QPQQ PFPQ QPQQ 389
AZBl 69 PFPS QQPY MQLQ PFPQ POLP 60 GI3A 134 QQTY PQRP QQPF PQTQ QPQQ 390

A2B2 69 PFPS QQPY MQLQ PFPQ PQPF 61 GISA 134 QPQL PFPQ QPQQ QPQQ PFPQ 391



A3B3 349 YIPP HCST TIAP FA S GIN 313 O I A 233 PLQP QQPF PQQP QQPF PQQP 643
A4D 350 I PPY CSTT | APF G FG TNYR 314 O I A 241 PQQP QQPF PQQP QQSF PQQP 644
Pool 41 POORGBI0&7EA 17 GTAN MQVD PSSQ VOAWP QQQP 315 0 PATAA20GXQOR4SQQSF

POOP QQPY PQQQ 645 G 2A 17 GTAN | QVD PSGQ VON. QQQL 316 0 1 A 257 PQQP:
QPY PQQQ PYGS SLTS 646 WD 2003/ 104273 PQI/ GB2003/ 002450 104 G 3A 17 ATAN

PSGO VAW (P BRSSO LB EEL NPSD BELt B VRS EAR™ S 4 177ATAN MOAD
PSGQ VQWP QQQD"%%g PEFS QQBY SPRETPRRIBPQ0 LYP® %g gw wgﬁg@m\ 17 TPAN | QVD
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AG 8SPQIPY QFR PQOP YPQP GISA 186 LQQP QQPL PQPQ QPQQ PF
AIBI 85 PQLP YLQP QPFR PQQP YPQP 85 GI5C 186 SQQP QQPF PQPQ QPQQ SEPQ 415
AlB4 85 PQLS YSQP QPFR PQQP YPQP 86 GIIA 194 SQPQ QQFP QPQQ PQOS FPQQ 416
AIB6 85 PQLS YSQP QPFR PQQL YPQP 87 POOL 54 )
AIBI12 85 PQPF PPQL PYSQ PQPF RPQQ 88 GI2A 194 PQPQ QQLP QPQQ PQQS FPQQ 417
POOL 12 . GI3A 194 PQPQ QQFP QPQQ PQQS FPQQ 418
A2A1 85 PQLP YPQP QLPY PQPQ LPYP 89 GI4 194 PQPQ QPQQ SFPQ QQPS LIQQ - 419
A2B1 85 PQLP YPQP QLPY PQPQ PFRP 90 GI5SA 194 PQPQ QPQQ PFPQ QQQP LIQP 420
A2B2 85 PQPF PPQL PYPQ PQLP YPQP 91 GISC 194 PQPQ QPQQ SFPQ QQQP LIQP 421
AZB3 85 PQLP YPQP QPFR PQQP YPQP 92 GIA 202 QPQQ PQQS FPQQ QPPF IQPS 422
A2B4 85 PQPF PPQL PYPQ PQPF RPQQ 93 GI2A 202 QPQQ PQQS FPQQ QRPF IQPS 423
A3A1 85 PQPF PPQL PYPQ PPPF SPQQ 94 GI3A 202 QPQQ PQQS FPQQ QPSL IQQS 424
POOL 13 POOL 55 )
A3Bl 85 PQPF LPQL PYPQ PQSF PPQQ 95 GI1A 210 FPQQ QPPF IQPS LQQQ VNPC 425
A3B3 85 PQPF PPOL PYPQ PQSF PPQQ 96 GI2A 210 FPQQ QRPF IQPS LQQQ LNPC 426
A4A 85 QLPY PQTQ PFPP QQPY PQPQ 97 GI3A 210 FPQQ QPSL IQQS LOQQ LNEC 427
A4B 85 PQPF PPQL PYPQ TQPF PPQQ 98 GISA 210 FPQQ QQPL IQPY LQQQ MNPC 428
A2A1 106 LPYP QPQP FRPQ QPYP QSQP 99 GIGA 210 FPQQ QQPA IQSF LQQQ MNPC 429
A2B1 106 LPYP QPQP FRPQ QSYP QPQP 100 GI1A 218 IQPS LQQQ VNPC KNFL LQQC 430
A3A1 106 LPYP QPPP FSPQ QPYP QPQP 101 GI2A 218 IQPS LQQQ LNPC KNIL LQQS 431
A3BI 106 LPQL PYPQ PQSF PPQQ PYPQ 102 GI3A 218 IQQS LQQQ LNPC KNFL LQQC 432 -
POOL 14 . POOLS56 .
A4A 106 PPQL PYPQ TQPF PPQQ PYPQ 103 GISA 218 IQPY LQQQ MNPC KNYL LQQC 433
AIAI 112 QPFR PQQP YPQP QPQY SQPQ 104 GI6A 218 IQSF LQQQ MNPC KNFL LQQC 434
A1BG6 112 QPFR PQQL YPQP QPQY SQPQ 105 GI1A 226 VNPC KNFL LQQC KPVS LVSS 435
A2A] 112 QPFR PQQP YPQS QPQY SQPQ 106 GIZA 226 LNPC KNIL LQQS KPAS LVSS 436
A2B1 112 QPFR PQQS YPQP QPQY SQPQ 107 GI3A 226 LNPC KNFL LQQC KPVS LVSS 437
A3A1 112 PPFS PQQP YPQP QPQY PQPQ 108 GISA 226 MNPC KNYL LQQC NPVS LVSS 438
A3BI 112 QSFP PQQP YPQQ RPKY LQPQ 109 GIGA 226 MNPC KNFL LQQC NHVS LVSS 439
A3B2 112 QSFP PQQP YPQQ RPMY LQPQ 110 GI1A 234 LQQC KPVS LVSS LWSM IWPQ 440
- POOL 15 . POOLS57 )
A3B3 112 QSFP PQQP YPQQ QPQY LQPQ 111 GI2A 234 LQQS KPAS LVSS LWSI IWPQ 441
A4A 112 QPFP PQQP YPQP QPQY PQPQ 112 GI3A 234 LQQC KPVS LVSS LWSM ILPR 442
AIAT 120 YPQP QPQY SQPQ QPIS QQQQ 113 GISA 234 LQQC NPVS LVSS LVSM ILPR 443
AIB3 120 YPQP QPQY SQPQ EPIS QQQQ - 114 GIGA 234 LQQC NHVS LVSS LVSI ILPR 444
A2A1 120 YPQS QPQY SQPQ QPIS QQQQ 115 GI1A 242 LVSS LWSM IWPQ SDCQ VMRQ 445
A3A1 120 YPQP QPQY PQPQ QPIS QQQA 116 GI2A 242 LVSS LWSI IWPQ SDCQ VMRQ 446
A3BI 120 YPQQ RPKY LQPQ QPIS QQQA 117 GI3A 242 LVSS LWSM ILPR SDCQ VMRQ 447
A3B2 120 YPQQ RPMY LQPQ QPIS QQQA 118 GI4 242 LVSS LWSI ILPP SDCQ VMRQ . 448
POOL 16 . POOLS8 )
A3B3 120 YPQQ QPQY LQPQ QPIS QQQA 119 GISA 242 LVSS LVSM ILPR SDCK VMRQ 449
AIAT 128 SQPQ QPIS QQQQ QQQQ QQQQ 120 GISC 242 LVSS LVSM ILPR SDCQ VMQQ 450
AIB3 128 SQPQ EPIS QQQQ QQQQ QQOI 121 GI6A 242 LVSS LVSI ILPR SDCQ VMQQ 451
A3A1 128 PQPQ QPIS QQQA QOQQ QQQQ 122 GI1A 250 IWPQ SDCQ VMRQ QCCQ QLAQ 452
AIAI 133QQQQ QQQQQQQQQQQQILQQ 123 GI3A 250 ILPR SDCQ VMRQ QCCQ QLAQ 453
AIA6 138 QQQQ QQQQ QQQQ OEQQ ILQQ 124 GH4 250 ILPP SDCQ VMRQ QCCQ QLAQ 454

AIBI1 138 QQQQ QQQQ QQARQ QQQQ IQQ 125 GI5A 250 ILPR SDCK YMRQ QCCQ QLAR 455
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L VQQQQFL GRQQSF §§Q W Ff 266 QLAQ 1PQQ LQEA AS IVHS
L VQEQQFQGEQQP POOL 60
A4A 146 QQQQ QQQQ TLQQ ILQQ QLIP 135 GISA 266 QLAR IPQQ LQCA AIHG IVHS 465
AIA1 163 ILQQ ILQQ QLIP CMDV VLQQ 136 GI5C 266 QLAQ IPRQ LQCA AIHS VVHS 466
AIB6 163 ILQQ MLQQ QLIP CMDV VLQQ 137 GI6A 266 QLAQ IPQQ LQCA AIHS VAHS 467
AIBI0 163 ILQQ ILQQ QLTP CMDV VLQQ 138 GI1A 274 LQCA AIHT IIHS IIMQ QEQQ 468
A2BI 163 ILQQ ILQQ QLIP CRDVY VLQQ 139 GIIB 274 LQCA AIHT VIHS EMQ QEQQ 469
A3A2 163 ILPQ ILQQ QLIP CRDV VLQQ 140 GI2A 274 LQCA AIHS VVHS IIMQ QQQQ 470
A4A 163 TLQQ ILQQ QLIP CRDV VLQQ .141 POOL 61 )
AIA1 171 QLIP CMDV VLQQ HNIA HGRS .. 142 GI3A 274 LQCA AIHS 1VHS IIMQ QEQQ 4N
POOL 19 . G4 274 LQCA AIHS VVHS IMQ QEQQ 472
A1A3 171 QLIP CMDV VLQQ HNKA HGRS 143 GISA 274 LQCA AIHG IVHS IIMQ QEQQ 473
A1B2 171 QLIP CMDV VLQQ HNLA HGRS 144 GIGA 274 LQCA AIHS VAHS IIMQ QEQQ 474
AIB7 171 QLIP CMDV VLQQ HNIV HGRS 145 GI1A 282 ITHS IIMQ QEQQ EQQQ GMHI 475
AIBIO 171 QLTP CMDV VLQQ HNIA RGRS 146 GIIB 282 VIHS IIMQ QEQQ QGMH ILLP 476
AIBI1 171 QLIP CMDV VLQQ HNIV HGKS 147 GI2A 282 VVHS IIMQ QQQQ QQQQ QGID 477
" A2Al 171 QLIP CRDV VLQQ HSIA YGSS 148 GI3A 282 IVHS IIMQ QEQQ EQRQ GVQI 478
A2B1 171 QLIP CRDV VLQQ HSIA HGSS 149 POOL 62, )
A2B3 171 QLIP CRDV VLQQ HNIA HGSS 150 GI4 282 VVHS IIMQ QEQQ EQLQ GVQI 479
POOL 20 .. GI5A 282 IVHS IIMQ QEQQ QQQQ QQQQ 480
A3A1 171 QLIP CRDV VLQQ HNIA HARS 151 GISC 282 VVHS IVMQ QEQQ QGIQ ILRP - 481
A3B1 171 QLIP CRDV VLQQ HNIA HASS 152 GIGA 282 VAHS IIMQ QEQQ QGVP ILRP 482
AIA1 179 VLQQ HNIA HGRS QVLQ QSTY 153 GI1A 290 QEQQ EQQQ GMHI LLPL YQQQ 483
AIA3 179 VLQQ HNKA HGRS QVLQ QSTY 154 GI2A 290 QQQQ QQQOQ QGID IFLP LSQH 484
AIB2 179 VLQQ HNLA HGRS QVLQ QSTY 155 GI2B 290 QQQQ QQQQ QGMH IFLP LSQQ 485
A1B7 179 VLQQ HNIV HGRS QVLQ QSTY 156 GI3A 290 QEQQ EQRQ GVQI LYPL SQQQ 486
AIB10 179 VLQQ HNIA RGRS QVLQ QSTY 157 POOL 63 )
AIBI1 179 VLQQ HNIV HGKS QVLQ QSTY 158 G4 290 QEQQ EQLQ GVQI LVPL SQQQ 487
POOL 21 . GI5A 290 QEQQ QQQQ QQQQ QQQG IQIM 488
A2A1 179 VLQQ HSIA YGSS QVLQ QSTY 159 GI5C 290 QEQQ QGIQ ILRP LFQL VQGQ 489
A2B1 179 VLQQ HSIA HGSS QVLQ QSTY 160 GI6A 290 QEQQ QGVP ILRP LFQL AQGL 490
A2B3 179 VLQQ HNIA HGSS QVLQ ESTY 161 GISA 298 QQQQ QQQG IQIM RPLF QLVQ 491
A3A1 179 VLQQ HNIA HARS QVLQ QSTY 162 ‘GI1A 305 GMHILLPL YQQQ QVGQ GTLV 492
A3B1 179 VLQQ HNIA HASS QVLQ QSTY 163 GI2A 305 GIDI FLPL SQHE QVGQ GSLV 493
A4A 179 VLQQ HNIA HASS QVLQ QSSY 164 GI2B 305 GMHI FLPL 5QQQ QVGQ GSLV 494
AlAl 187 HGRS QVLQ QSTY QLLQ ELCC 165 POOL 64 .
A1A3 187 HGRS QVLQ QSTY QLLR ELCC 166 GI3A 305 GVQI LVPL SQQQ QVGQ GTLV 495
POOL 22 . G4 305 GVQILVPL SQQQ QVGQ GILV 496
AIB8 187 HGRS QVLQ QSTY QLLR ELCC 167 GISA 305 GIQI MRPL FQLV QGQG IIQP 497
AIBII 187 HGKS QVLQ QSTY QLLQ ELCC 168 GI5C 305 GIQI LRPL FQLV QGQG 1IQP 408
A2A1 187 YGSS QVLQ QSTY QLVQ QLCC 169 GI6A 305 GVPI LRPL FQLA QGLG 1IQP 499
A2B1 187 HGSS QVLQ QSTY QLVQ QFCC 170 GIIA 313 YOQQ QVGQ GTLV QGQG LQP 500
A2B3 187 HGSS QVLQ ESTY QLVQ QLCC 171 GI2A 313 SQHE.QVGQ GSLV QGQG LIQP 501
A3A1 187 HARS QVLQ QSTY QPLQ QLCC 172 GI2B 313 SQQQ QVGQ GSLV QGQG IIQP 502
A3BI 187 HASS QVLQ QSTY QLLQ QLCC 173 POOL 65 )
A4A 187 HASS QVLQ QSSY QQLQ QLCC 174 GI3A 313 SQQQ QVGQ GTLV QGQG IIQP 503
POOL 23 . G4 313 5QQQ QVGQ GILV QGQG IIQP © 504
AIA1 195QSTY QLLQ ELCC QHLW QIPE 175 GI1A 321 GTLV QGQG IIQP QQPA QLEA 505
A1A3 195QSTY QLLR ELCC QHLW QIPE 176 GI2A 321 GSLY QGQG IIQP QQPA QLEA 506
AIBS 195 QSTY QLLR ELCC QHLW QIPE 177 GISA 321 FQLY QGQG IIQP QQPA QLEV 507
A2A1 195 QSTY QLVQ QLCC QQLW QIPE 178 GI6A 321 FQLA QGLG IIQP QQPA QLEG 508
A2BI 195 QSTY QLVQ QFCC QQLW QIPE 179 GI1A 329 [IQP QQPA QLEA IRSL VLQT 509
A3AL 195 QSTY QPLQ.QLCC QQLW QIPE 180 GI3A 329 TIQP QQPA QLEV IRSL VLQT 510
/A3B1 195 QSTY QLLQ QLCC QQLL QIPE 18! POOL 66 )
A4A 195 QSSY QOLQ QLCC QQLF QIPE 182 GI3C 329 IIQP QQPA QLEV IRSS VLQT 511
POOL 24 . GISC 329 IQP QQPA QYEV IRSL VLRT 512
AIA1 203 ELCC QHLW QIPE QSQC QAIH 183 GIGA 329 TIQP QQPA QLEG IRSL VLKT 513
A1B6 203 ELCC QHLW QILE QSQC QAIH 184 GI1A 337 QLEA IRSL VLQT LPTM CNVY 514
Al1B10 203 ELCC QHLW QIPE KLQC QATH 185 GI2A 337 QLEA IRSL VLQT LPSM CNVY 515
AZAL 203 QLCC QQLW QIPE QSRC QAIH 186 GI3A 337 QLEV IRSL VLQT LATM CNVY 516
A2B1 203 QFCC QQLW QIPE QSRC QAIH 187 GI3C 337 QLEV IRSS VLQT LATM CNVY 517

A3B1 203 QLCC QQLL QIPE QSRC QAIH 188 GISA 337 QLEV IRSL VLGT LPTM CNVF < 518
POOL 25 . POOL 67 .
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E QSQGQAIH NVAH AlIM
L Q- QDFPQDQ- PYP@@ QIPE QSKTC QAIH NVVH AIIL 198 GI2A 353 CNVY VPPE CSIM RAPF ASIV 528

AIA1 219 QAIH NVVH AIIL HQQQ KQQQ
AlA6 219 QAIH NVVH AIIL HQQQ QKQQ
AIB3 219 QAIQ NVVH AIIL HQQQ KQQQ
AIB9 219 QAIH KVVH AIIL HQQQ KQQQ
AIBI3 219 QAIH NVVH AIIL HQQQ QQQQ
A2B3 219 QAIH NVVH AIIL HQQH HHHQ
POOL 27

A3A1 219 QAIH NVVH AIIL HQQQ RQQQ ..
A3BI 219 QAIH NVVH AIIM HQQE QQQQ
A3B3 219 QAIH NVAH AIIM HQQQ QQQQ
A4A 219 QAIH NVVH AIIL HHHQ QQQQ
ATAl 227 AIIL HQQQ KQQQ QPSS QVSF
ATAG 227 AIIL HQQQ QKQQ QQPS SQFS
AIB2 227 AlIL HQQQ KQQQ QLSS QVSF
AIBI0 227 AlIL HQQQ KQQQ PSSQ VSFQ
POOL 28

A1B13 227 AIIL HQQQ QQQQ EQKQ QLQQ
AZAT 227 AIIL HQQQ QQQQ QQQQ QPLS

A2B3 227 AlIL HQQH HHHQ QQQQ QQQQ
A2B4 227 AllL HQQH HHHQ EQKQ QLQQ

A3A1 227 AIIL HQQQ RQQQ PSSQ VSLQ
A3BI 227 AlIM HQQE QQQQ LQQQ QQQQ
A3B3 227 AIIM HQQQ QQQQ EQKQ QLQQ
A4A 227 AlIL HHHQ QQQQ QPSS QVSY
POOL 29

AIAL 235 KQQQ QPSS QVSF QQPL QQYP
AIAG6 235 KQQQ QPSS QFSF QQPL QQYP
A1B2 235 KQQQ QLSS QVSF QQPQ QQYP
AIBI0 235 KQQQ PSSQ VSFQ QPQQ QYPL

A1BI3 235 QQQQ EQKQ QLQQ QQQQ QQQL

A2B4 235 HHHQ EQKQ QLQQ QQQQ QQQL
A3A1 235 RQQQ PSSQ VSLQ QPQQ QYPS

A3BI 235 QQQQ LQQQ QQQQ LQQQRQQQQ

POOL 30
A4A 235 QQQQ QPSS QVSY QQPQ EQYP

A1B13243 QLQQ QQQQ QQQL QQQQ QXKQQ

A1B13 251 QQOL QQQQ QKQQ QQPS SQVS
A2A1 260 QQQQ QQQQ QPLS QVSF QQPQ
A2B1 260 QQQQ QQQQ QPLS QVCF QQSQ
-A2B3 260 HHHQ QQQQ QQQQ QPLS QVSF
A3B1 260 QQQQ QQQQ QPSS QVSF QQPQ
A2A1 289 QPLS QVSF QQPQ QQYP SGQG
POOL 31

AZB1 289 QPLS QVCF QQSQ QQYP SGQG
A3BI 289 QPSS QVSF QQPQ QQYP SSQV
AIAI 293 QVSF QQPL QQYP LGQG SFRP
ALAG 293 QFSF QQPL QQYP LGQG SFRP
A1B2 293 QVSF QQPQ QQYP LGQG SFRP
A2A1 293 QVSF QQPQ QQYP SGQG SFQP .
A2B| 293 QVCF QQSQ QQYP SGQG SFQP
A2B3 293 QVSF QQPQ QQYP SGQG FFQP
POOL 32

A2BS 293 QVSF QQPQ QQYP SGQG FFQP
A3Al 293 QVSL QQPQ QQYP SGQG FFQP
A3BI 293 QVSF QQPQ QQYP SSQV SFQP
A3B2 293 QVSF QQPQ QQYP SSQG SFQP
A4A 293 QVSY QQPQ EQYP SGQV SFQS
AlA1 301 QQYP LGQG SFRP SQQN PQAQ
ALB2 301 QQYP LGQG SFRP SQQN SQAQ
A2A1 301 QQYP SGQG SFQP SQQN PQAQ
POOL 33 :

199
200
201
202
203
204

GI3A 353 CNVY VPPY CSTI RAPF ASIV
GI5A 353 CNVF VPPE CSTT KAPF ASIV
GI5C 353 CNVY VRPD CSTI NAPF ASIV
GI6A 353 CNVY VPPD CSTINVPY ANID
GI1A 361 CSI KAPF SSVV AGIG GQ

GI2A 361 CSIM RAPF ASIV AGIG GQ
POOL 69

GI3A 361 CSTI RAPF ASIV AGIG GQYR
Gl4 361 CSTIRAPF ASIV ASIG GQ

GISA 361 CSTT KAPF ASIV ADIG GQ

GISC 361 CSTI NAPF ASIV'AGIS GQ

GI6A 361 CSTINVPY ANID AGIG GQ

GII 1 PQQP FPLQ PQQS FLWQ SQQP

GII 9 PQQS FLWQ SQQP FLQQ PQQP

GII 17 SQQP FLQQ PQQP SPQP QQVV
POOL 70

GII 25 PQQP SPQP QQVV QIIS PATP

GII 33 QQVV QIS PATP TTIP SAGK
GI141 PATP TTIP SAGK PTSA PFPQ

GII 49 SAGK PTSA PFPQ QQQQ HQQL

GII 57 PFPQ QQQQ HQQL AQQQ IPVV

GII 65 HQQL AQQQ IPVV QPSI LQQL

GII 73 IPVV QPSI LOQL NPCK VFLQ

GII 81 LQQL NPCK VFLQ QQCS PVAM
POOL 71

GII 89 VFLQ QQCS PVAM PQRL ARSQ

GII 97 PVAM PQRL ARSQ MLQQ SSCH
GII 105 ARSQ MLQQ SSCH VMQQ QCCQ
GII 113 SSCH VMQQ QCCQ QLPQ IPQQ
GII 121 QCCQ QLPQ [PQQ SRYQ AIRA

GII 1278 PQIP QQSR YEAI RAII YSH

GII 129 IPQQ SRYQ AIRA IIYS IILQ

GII 137 AIRA IIYS IILQ EQQQ VQGS
POOL 72

GII 145 ILQ EQQQ VQGS 1QSQ QQQP

GII 153 VQGS IQSQ QQQP QQLG QCVS
GII 161 QQQP QQLG QCVS QPQQ QSQQ
GII 169 QCVS QPQQ QSQQ QLGQ QPQQ
GII 177 QSQQ QLGQ QPQQ QQLA QGTF
GII 185 QPQQ QQLA QGTF LQPH QIAQ
POOL 73

GII 193 QGTF LQPH QIAQ LEVM TSIA

GIL 201 QIAQ LEVM TSIA LRIL PTMC

GII 209 TSIA LRIL PTMC SVNV PLYR
GI1217 PTMC SVNV PLYR TTTS VPFG

GII 225 PLYR TTTS VPFG VGTG VGAY
GII 1A 1 TITR TFPI PTIS SNNN HHFR
GII 1A 9 PTIS SNNN HHFR SNSN HHFH
GIII 1A 17 HHFR SNSN HHFH SNNN QFYR
POOL 74

GIII 1A 25 HHFH SNNN QFYR NNNS PGHN
GIIT 1A 33 QFYR NNNS PGHN NPLN NNNS
GII 1A 41 PGHN NPLN NNNS PNNN SPSN
GII 1A 49 NNNS PNNN SPSN HENN SPNN
GIII 1A 57 SPSN HHNN SPNN NFQY HTHP
GIIT1A 65 SPNN NFQY HTHP SNHK NLPH
GIII 1A 73 HTHP SNHK NLPH TNNI QQQQ
GIII 1A 81 NLPH TNNI QQQQ PPFS QQQQ
POOL 75

GIIL 1A 89 QQQQ PPFS QQQQ PPFS QQQQ
GIII 1A 97 QQQQ PPFS QQQQ PVLP QQSP

529
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551
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74 MQLQPFPQPQLPYPQPQLPY 75 MQLQPFPQPQPFPPQLPYPQ 76LQLQPFPQPQLPYPQPQPFR 77
LQLQPFPQPQPFPPQLPYPQ 78 LQLQPFPRPQLPYPQPQPFR  79LQLQPFPQPQPFLPQLPYPQ 80
LQLQPFPQPEPRAROIMYBQ  81PQPQPFPPQLPYPQTQPFPP 82 LQPQPFPQRQARPROEMPQ 83
PQLPYSQPQPFRPQUPYPQP 84 PQLPYSQPQQFRPQQPYPQP 85 PQLPYLQPQPFRPQQPYPQP
86PQLSYSQPQPFRPQQPYPQP  87PQLSYSQPQPFRPQQLYPQP 88 PQPFPPQLPYSQPQPFRPQQ
89PQLPYPQPQLPYPOPQLPYP 90 P PYPQPQ_PYP FRP 91P PPQ_PYPQDg?PYPQD

92PQLPYPQPQPFREEX VKo PO @QQ‘&%“? FSPQQ
95PQPFLPQ_PYPQB GQO FFQ LV9 FPPGEPYPQPQ
98 PQPFPPQLPYPLY g@;g?% Rae P 7

2732 &
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102 LPQLPYPQPQRE PYP 1 --n' QPQYSQPQ
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105QPFRPQQL YPQK
@3 p%@ PQTQ GSVQ PQQL 261 GII1A 169 RLAR SQMW QQSS CHVM QQQC 591
108 PPFSP Y AYB2 Om SQAQ GSVQ PQQL 262 GHITA 177 QQSS CHVM QQQC CQQL QQIP 592
A1B3 309 SFRP SQQN PQDQ GSVQ PQQL 263 GIII 1A 185 QQQC CQQL QQIP EQSR YEAI 593
A1B4 309 SFRP SQON PRAQ GSVQ PQQL 264 GIII 1A 193 QQIP EQSR YEAIRAII YSII - 594
A2A1 309 SFQP SQQN PQAQ GSVQ PQQL 265 GIII 1A 201 YEAIRAII YSII LQEQ QQGF 595
A2B3 309 FFQP SQQN PQAQ GSFQ PQQL 266 GIII 1A 209 YSII LQEQ QQGF VQPQ QQQP 596
A2B5 309 FFQP FQQN PQAQ GSFQ PQQL 267 POOL 77 ) .
A3A1 309 FFQP SQQN PQAQ GSVQ PQQL 268 GIIT1A 217 QQGF VQPQ QQQP QQSG QGVS 597
Pool 35 . GIII 1A 225 QQQP QQSG QGVS QSQQ QSQQ 598
A3B1 309 SFQP SQLN PQAQ GSVQ PQQL - 269 GIII 1A 233 QGVS QSQQ QSQQ QLGQ CSFQ 599
A3B1 309 SFQP SQLN PQAQ GSVQ PQQL 270 GHI 1A 241 QSQQ QLGQ CSFQ QPQQ QLGQ 600
A3B2 309 SFQP SQQN PQAQ GSVQ PQQL 271 GIHI 1A 249 CSFQ QPQQ QLGQ QPQQ QQQQ 601
A4A 309 SFQS SQQN PQAQ GSVQ PQQL 272 GIII'1A 257 QLGQ QPQQ QQQQ QVLQ GTFL 602
ATAl 317 PQAQ GSVQ PQQL PQFE EIRN 273 GIII 1A 263 QQQQ QVLQ GTFL QPHQ IAHL . 603
AlA3 317 PQTQ GSVQ PQQL PQFE EIRN . 274 GIII 1A 271 GTFL QPHQ JAHL EAVT SIAL 604
ATA6 317 PQAQ GSVQ PQQL PQFE IRNL 275 POOL 78 .
Al1BI 317 PLAQ GSVQ PQQL PQFE EIRN 276 GIII 1A 279 IAHL EAVT SIAL RTLP TMCS 605 .
POOL 36 . GIII 1A 287 SIAL RTLP TMCS VNVP LYSA 606
A1B3 317 PQDQ GSVQ PQQL PQFE EIRN 277 GIII 1A 295 TMCS VNVP LYSA TTSV PFGV 607
AlB4 317 PRAQ GSVQ PQQL PQFE EIRN 278 GII1A 303 LYSA TTSV PFGV GTGV GAY 608
A2B3 317 PQAQ GSFQ PQQL PQFE EIRN 279 GHI1B 26 SCIS GLER PWQQ QPLP PQQS 609
* A2BS5 317 PQAQ GSFQ PQQL PQFE AIRN 280 GIHI1B 34 PWQQ QPLP PQQS FSQQ PPFS 610
A3BI1 317 PQAQ GSVQ PQQL PQFA EIRN 281 GIII 1B 42 PQQS FSQQ PPFS QQQQ QPLP 611
A4A 317 PQAQ GSVQ PQQL PQFQ EIRN 282 GII 1B 50 PPFS QQQQ QPLP QQPS FSQQ 612
Pool 37 . Pool 79 .
Al1A1 325 PQQL PQFE EIRN LALQ TLPA 283 GII 1B 58 QPLP QQPS FSQQ QPPF SQQQ 613
AlAG 325 PQQL PQFE IRNL ALQT LPAM 284 GIII 1B 66 FSQQ QPPF SQQQ PILS QQPP 614
A1B12 325 PQQL PQFE EIRN LARK 285 GIII 1B 74 SQQQ PILS QQPP FSQQ QQPV 615
A2A1 325 PQQL PQFE EIRN LALE TLPA 286 O 1A 17 ATAA RELN PSNK ELQS PQQS 616
A2BS 325 PQQL PQFE AIRN LALQ TLPA 287 O 1A 25PSNK ELQS PQQS FSYQ QQPF 617
A3B1 325 PQQL PQFA EIRN LALQ TLPA 283 O 1A 33 PQQS FSYQ QQPF PQQP YPQQ 618
A4A 325 PQQL PQFQ EIRN LALQ TLPA 289 O 1A 41 QQPF PQQP YPQQ PYPS QQPY 619
AlAl 333 EIRN LALQ TLPA MCNV YIPP 290 O 1A 49 YPQQ PYPS QQPY PSQQ PFPT 620 -
POOL 38 .. POOLS0 .
AlA3 333 EIRN LALQ TLPS MCNV YIPP 291 O1A 57QQPY PSQQ PFPT PQQQ FPEQ 621
A2A1 333 EIRN LALE TLPA MCNV YIPP 292 O 1A 65 PFPT PQQQ FPEQ SQQP FTQP 622
A3Al 333 EIRN LALQ TLPR MCNV YIPP 293 O 1A 73 FPEQ SQQP FTQP QQPT PIQP 623
AlAl 341 TLPA MCNV YIPP YCTI APFG 294 O 1A 81 FTQP QQPT PIQP QQPF PQQP 624
AlA3 341 TLPS MCNV YIPP YCTI APFG 295 O 1A 89 PIQP QQPF PQQP QQPQ QPFP 625
AL1B! 341 TLPA MCNV YIPP YCTI VPFG 296 O 1A 97 PQQP QQPQ QPFP QPQQ PFPW 626
A1B4 341 TLPA MCNV YIPP YCAM APFG 297 O 1A 105 QPFP QPQQ PFPW QPQQ PFPQ 627
A1B9 341 TLPA MCNV YIPP YCTI TPFG 298 O 1A 113 PFPW QPQQ PFPQ TQQS FPLQ 628
Pool 39 . POOL 81 .
A2A1 341 TLPA MCNV YIPP YCTT APVG 299 O 1A 121 PFPQ TQQS FPLQ PQQP FPQQ 629
A2B2 341 TLPA MCNV YIPP YCST TIAP 300 O 1A 129 FPLQ PQQP FPQQ PQQP FPQP 630
A3Al 341 TLPR MCNV YIPP YCST TIAP 301 O 1A 137 FPQQ PQQP FPQP QLPF PQQS 631
A3A2 341 TLPR MCNV YIPP YCST TTAP 302 O 1A 145 FPQP QLPF PQQS EQII PQQL 632
A3B1 341 TLPA MCNV YIPP HCST TIAP 303 O 1A 153 PQQS EQII PQQL QQPF PLQP 633
A1A1 349 YIPP YCTI APFG IFGT NYR 304 O 1A 161 PQQL QQPF PLQP QQPF PQQP 634
AI1B1 349 YIPP YCTI VPFG IFGT NYR 305 O 1A 169 PLQP QQPF PQQP QQPF PQPQ 635
A1B4 349 YIPP YCAM APFG IFGT NYR 306 O 1A 177 PQQP QQPF PQPQ QPIP VQPQ 636
Pool 40 ' . Pool 82 .
A1B5 349 YIPP YCTM APFG IFGT NYR 307 O A 185 PQPQ QPIP VQPQ QSFP QQSQ. 637
A1B9 349 YIPP YCTI TPFG IFGT N 308 O 1A 193 VQPQ QSFP QQSQ QSQQ PFAQ 638
A2A] 349 YIPP YCTI APVG IFGT NYR 309 O 1A 201 QQSQ QSQQ PFAQ PQQL FPEL 639
A2B2 349 YIPP YCST TIAP VGIF GTN 310 O 1A 209 PFAQ PQQL FPEL QQPI PQQP 640
A3A2 349 YIPP YCST TTAP FGIF GTN : 311 O 1A 217 FPEL QQPI PQQP QQPF PLQP 641
A3B1 349 YIPP HCST TIAP FGIF GTN ) 312 O 1A 225 PQQP QQPF PLQP QQPF PQQP 642
A3B3 349 YIPP HCST TIAP FGIS GTN 313 O 1A 233 PLQP QQPF PQQP QQPF PQQP 643
A4D 350 IPPY CSTT IAPF GIFG TNYR 314 O 1A 241 PQQP QQPF PQQP QQSF PQQP 644
Pool 41 POOL 83 .
GI1A 17 GTAN MQVD PSSQ VQWP QQQP 315 O 1A 249 PQQP QQSF PQQP QQPY PQQQ 645

GI2A 17 GTAN IQVD PSGQ VQWL QQQL 316 O 1A 257 PQQP QQPY PQQQ PYGS SLTS 646



109 QSFPPQQPYPQORPKYLQPQ 110 QSFPPQQPYPQORPMYLQPQ  111QSFPPQOPYPQQOPQYLQPQ
112QPFPPQQPYPQPQPQYPQPQ 113 YPQPQPQYSQPQOPI SQUOQ 114 YPQPQPQYSQPQEPI SQQQQ
115YPQSQPQBRORIO 7SQQQQ 116 YPQPQPQYPQPQQPI SQRQA 117 YPRORRIBAIGIAQLIZ SQQQA

11BYPQORPMYL QPQQPI SQQQA  119YPQRQPQYL QPQQPI SQQQA 120  SQPQQPI SQRQQLAAQAAQ

121 SQPQEPI SQRRRAAQAQAQAQA - 122 PQPQQPI SQRQHLAQAQARAQAQAQ - - -
123

. LQQ 124 QQQQQQQQQQQQQEQQ LQQ 125 | QQ

: \ YGS %I%@q LQQQLI P

132 QQQQQQQQI S “' mscg\g% qu X LS%ELLQQ@TP

135QQRQQQRATL @%@”&&% méﬁ%@%@:@?%%ﬁ%mgmm
CNVDVVL QQpdol 42 139I LQX’J L | PCRDWWLQQ

1401 LPQ LQQQLI &

EPLQQULEECRDWLQR 142 QLI PCVDWL.QQHNI AHGRS
143QLI PCMDWL

R 46 hB@IVDWL NLAHGRS
Gl 25 PSGQ VQWP QQQP FLQP HQPF

GI5A 25 PSGQ VQWP QQQQ PFPQ PQQP 327
‘GISC 25 PSGQ VQWP QQQP FRQP QQPF 328
GI6A 25 PSGQ VQWP QQQP FPQP QQPF 329
GI1A 33 QQQP VPQP HQPF SQQP QQTF 330

*Position of N-terminal residue in a-, y1-, y2-, y3-, or @ consensus sequence



145QL1 PCVMDWLQMHNI VHGRS 146 QLTPCVDW.QQHNI ARGRS - - - 147QL1 PCVDWLQQHNI VHGKS
14 8 QLI PCRDWLQQHSI AYGSS 149QLI PCRDWLQHSI AHGSS 150

QLI PCRDWYQOHM3MIG3S 151QL1 PCRDW.QQHNI AHARS 152 QLI PCRPOIQBMAHASS
153VLQOHNI AHGRSQVLQQSTY WO 2003/ 104273 PCT/ GB2003/ 002450 108 154

VL QQHNKAHGRSQVLQQSTY 155 VLQOHNLAHGRSQVLI@ESTY  156VLQQHNI VHGRSQVLQQSTY
1VLQOHNI ARGRSQVLQQSTY 158 VLQQHNI VHGKSQVLQQSTY 159VLQQHS| AYGSSQVLQQSTY
160VLQQHSI AHGSSaME QQSTY. syh iyt Qepide A B S a(ysisl¥2h WhiSXariN RVLQSTY
163 VLQRHNI AHASGOWLEIASTY  * 164VLQQHNI ARASSQVLQRSSY  165HGRSQVLQBTYQLLQELCC
166HGRSQVLQQSTYQLLRELCC 167 HGRSQVLQOSTYQLLRELCC 168HGKSQVLQOSTYQLLQELCC
169YGSSQVL QUST¥@LVE@RGC  170HGS QST MRVORE e czl'clREjS:XQ/ T VAL CC
172 HARSQVLQQSEXGPL QQ CC 173 HA QESEYQel Ak OB 17 4LHASSOVILIBES YD QQLCC
11 A 175QSTYQUEEEIEZEE] W) PE FF8QSTYQLLRELCCOHLWQI PE, 177, e

@TYQ_LREL U CH. E.zlﬂmm \ W1 3 3 3 3] 0.5 3 1 3 3 3
PTIDE ELISPOT SECT R < . ’
203] 46; 96 195 114] 136 29 57| 129 259 50| 18| 163] 52| 229
BLANK ELISPOT SFC .
1 2f 4088 3 bl af 4 3 2f 3 2o 1 2 s

Peptide [Sequence
1|AVRFPVPQLOPONPSQQLEQ
2|MVRVEVPQLOPONPSQOQPQ - i
3MVRVPVPOLOPONPSQOHPQ L
4|MVRVPMPQLQPQDPSQOQPQ
5[MVRVTVPQLOPONPSOQQRPQ
5
7
8
9

AVRVSVPQLOPONPSQOOPO
RVRVPVPOLQPONPSQOQOPQ
AVRWPVPQLOPONPSQQOPO
AVRVPVPQLOLONPSQQQPQ
10[MVRVEVPOLOLONPSO0QPQ
11|AVRVPVPQPQPONPSOPQPQ
12|AVRVPVEQLOPKNPSQQOPQ
13|LOPONPSQOLPOEQVPLYOQ
14|LOPONPSOQOPQEQVPLVOQ
15|LOPONPSQQHPOEQVPLVQQ
16|LOPODPSQOOPQEQVPLYOQ
17|LOPONPSQOOPQOKQVPLVOQ
18{LOLONPSQOOPQEQVPLVOE
19|LQLONPSQQOPQEQVPLVQE
20|PQPONPSQPQPQGQVPLYVOQ
21|POPQNPSQPQPORQVPLVQQ
22|LOPKNPSQQOPQEQVPLYQD
23{LOPONPSQOQPOEQVPLMOQ

2 4|QLPQEQVPLVOQOQFLGQRQ
25/0HPQEQVPLVOD0OFLGQO0
26/00POEQVPLVOQOQFLGOQQ
27|00PQEQVPLVQOOOFLGQO0
28|QQPQEQVPLVQQQQFPGQQQ
29/00POKQVPLVOQQQFPGOR0
30/00PQEQVPLVOEQOFQGOQ0
31|POPOGQVPLVQOOQOFPGOO0
32|POPOROVPLVOOQOFPGA0Q
3310QPOEQVPLMOOQQOFPGQQ
34|L.VQOQOFLGOOQPFPEQQRY
35|LVO00QFL.GOQOSFPPQOPY

' 36lLyoonorLeoooprPRQOPY
37|LVQQQOFPGQOQPFPPOORY
38|LVOEQQFQGOOQPFEPQOPY
39|LVQOOQFPGQOQQFPPQOPY

4 0|LMOQQOQFPGOOEQFPPQOP
41{LMOOQOQFPGOOERFPPQOP

. 42|GROQPFPPQOPYPQPQPFPS
43|ca00PFPPOOPYPOPOFPS)




179QSTYQLVQQFCCQOLWY PE 180 QSTYQPLQQLCCQQLWQI PE 181QSTYQLLQQLCCQALLQ PE
182 QSSYQQLQQLCOQQLFQ PE  183ELCCQHLWQ PEQSQCQAI H 184QE|_08648\%Q LEQSQgQM H
185 ELCOCQMDWRIPEKIZRCQAI H  186QLCCQQOLWY PEQSRCQAI H 187 GECEIRMBIREQSRCQAI H
188QLO0QQLLQ PEQSRCQAI H  189GLCOQQLLQI PEQSQCQAI H 190 QLCCQQLFQ PEQSRCQAI H
191995'5858%82' HNVl\/nQIVIVhAl I:LEZlSISPEQSQCQAh@\N\HAI IL 193 Q LEQSQCQAI HNWHAI | L
-- ‘ QCQA Q PEKLQOQAI HNWHAI | L 196Q PEQSRCQAI HNWHAI | L
197 Q PEQSQCQAI HNMAkiAdetobdreob @8 Q) |PEC A HNVYHALLL |19 |QI HA | o0

200QAI HNVWHAI | L HQEIRRH@Ree 2@F@AL Q 1T HGOAKQAQ | 202QA1 Hk il L IHOQQK(
203 QAI HNVHAI PY P MEALL L H IHHHO! 205 0QALIHNNHAL | | Ao
206QA\| HM/\’.'AI | | QOPY PS, AL LN wj@r‘ W'\ ;;\’ {r_\“ :“ :AI:I I;TJ-TI:‘I [TV
LU LA s o e o N VA S ‘S s nm
WO 2003/ 10427 AHHHOROKCORORSSIVSF

4

210A!l | LHQQQXK! CFS S A S :
oldRroResorrEarhy | [T AL SpLMoF LZANTIEH QRPASSVSFQ
: 51|00PYPOPQPFPSQQPYLOLO
52|00PY PODOPFPSOOPYMOLO
53l00PY PHQOPFPSQQPYPQEQ
54|PFPSQLPYLQLOPFPQPQLP
55|PFPSOOPYLOLOPFPQPQLP
56|PFPSQQPYLOLOPFSQPQLP
57|PFPSOQPYLOLQPFLOPQLP
58|PFPSQOPYL.OLQPFLOPQPF
59/PFPSQOPYLOLQPFRPOPOLE
60|PFPSQQPYMQLOPFPQPOLP A
61|PFPSQQPYMOLQPFPQPQPF
62|PFPSQQPYLOLQPFPQPQPF
63|PFPSQOPYLOLOPFPREQLE
64|PFPSQOPYPQPOPFPPQLEY
65|PFPSQQPYPOPQPFPQPQPF
66|LOLOPFPQPQLEYSQPQPFR
67|LOLOPFPOPQLPYSQPQOFR
68|LOLOPFPOPOLPYLOPOPFR
69|LOLOPFPQPQLSYSQPQPER
70|LQLOPFSQPQLEYSQPQPFR
71/LOLOPFLOPQLPYSQPQPFR
72|LOLOPFLOPOPFPPQLEYSQ
73|LOLQPFPOPOLPYPQPQLEY
74MQLOPEPQPQLEYPQRQLEY
75/MQLOPFPQPQPFPROLEYPQ
7 6|LOLOPFPOPQLEY PQPQPER
77|LOLQPEPQPQPFPPQLEYPQ
78|LOLOPFPRPQLEYPQPQPFR
79|LQLOPFPQPQPFLEQLPYPQ
80|LOLQPFPQPQPFPPQLPYPQ
81/PQPQPFPPQLPY PQTQPFPP
82|POPQPFPOPQPFPPQLPYPQ
83|PQLPYSQOPOPFRPQQPYPQP
84|POLPYSOPOOFREQRPYPOP
85|POLPYLOPQPFRPQQPYPQP
86/POLSYSQOPQPFRPOQPY POP
87|POLSYSQPOPFRPQOLYPQP
88{POPFPPQLPYSQPQPFREQQ
§9|PQLPYPOPQLEYPQPQLEY P
90|PQLPYPQPQLPYPQPQPERE
91/PQPFPPQLPYPQPQLPYPQP
92|PQLPYPQPQPFREQQPY POP
93|POPFPEQLEYPQPOPFREQQ
94|POPFPPQLPYPOPPPFSPQD
95{PQPFLEQLPYPQPOSFEPOR
96|POPFPPOLPYPQPQSFPEQO
97|0LPYPOTQPFPPQOPYPOPQ
98|PQPFPPQLPYPOTOPFPEQQ | ] o




213Al | LHQROLOEQKQALQQ 214Al | LHQQQQRQQQQRAQPLS  215Al I L HQOHHHHQQQQQQQQ

216Al | LHQOQHHHHQEQKQQLQQ 217 Al | LHQQORQQOPSSQVSLQ 218Al I MHQOQEQQQRL Q0

219A1 | VHQRQQRABGKROLQQ 220AI1 | LHHHQQRQQQOPSSQVSY 221 KQROTDRSBWMARHERL QQYP

222 KQQQOPSSQFSFQQPLQQYP 223 KQRQOALSSQVSFQPQQQYP 224

KQROPSSQVSFQRPQRQYPL 225 QLREQKQQAL QQRAAQRQQAL 226 HHHQ5Q<QQ— 000000000 RNy VY

RQXPSSQ\/SL@D@YPS 228 mmm 2 230 QL QQOQRAAQAL QRAQRKQQ
PESEN /f 9004 '

234 HH s QRQGQRRAAPSSQYSFRRRQ | 2360QPL SQVEEQRRLQQYPSGQG

237 QPLSOVCFOGsecprarrssaersse SpSdOuErdophoavPESay | 2300SHOoPL GOVPLGQGSFRP
" SFPE, PRSPt mY ot (O =Y DPaa Vaval = s D4 ol mi YaVinlata

240 QFSFQUPLQYPE CORSERR 3 fbF QOPECIYPECISSFRA— 47 QYSHOOPOUOYPSGISSFQP

243 QVCFQBQRQYPSTL Py rorifiordV D QRPTQOY PECQGF FOR 245 Qv S FQOPRQQY C-FQP

246 QVSL QRPQQQY Ay pordié L/ SHFOUPQIOYPSSQYSHOP | -

248 QVSFQPQQQYPSSQXob kP rosorovsore
107/0PFRPQQSYPQPOPQYSOPQ
108lPPFSPOOPYPQPOPQYPOFQ
109|QSFPPOOPYPQORPKYLQPQ
110|QSFPPQQPYPQORPMYLQPQ
111|0SFPPOOPYPQOOPQYLOFQ
112|/0PFPPQOPYPQEQPQYPQPQ
113|YPOPQPOYSOPOOPISQ000
114{Y PQPOPQYSOPOEPISQO00
115]YPOSOPOYSOPQOPISEO00
116}YPOPOROYPQPOOPT SQO0R
117|YPQORPKYLOPOOPTSOQ0A
118}Y POORPMYLOPQOPISQO0R
119)yPaooPoYLOPOOPISOOOA
120{SQPQQPISQRAQ0000000Q0
121/SOPOEPTS00000000000T
122{POPOOPTSO00A000CE000
123]0000000000000000TLO0
124/0000000000000FQ0TLA0
125/00000000000000001 100
12 6/Q000000000KOQQ00000T
127/3000000000000000TIO0
128/00000000ILOOTLOQQLIP
129/00000EQQTLQOTLOQRLIP
130/00000EQ0TLOOMIQOOLIP
131/00000EQ0ILOQTLOQOLTR
132/00000000I IQ0TLOODLTP
133/00K00000000TLOOTLO0)
134/00000000TLPQILOQOLIP
135/00000000TLOOT LOQOLIE *
136{1LOOILOQOLI PCMDVVLID
137]1LOOMLOOOLT PCMDVVLOQ
138|TL00TLO0OLTPCMDYVLOQ
139|ILOQTLOOOLI PCRDVVLAQ
140|ILPQTLOOQLT PCRIVVLAQ
141|TLOQILOQOLI PFCRDVVLOD L
142|0LI PCMDVVLOQHNIAHGRS L

143|oL1 PCMDVVLOQHNKAHGRS
144|QLIPCMDVVLOQHNLAHGRS
14 5|01 PCMDVVLQQHNIVHGRS
146|orrPcMDVVLOOHNIARGRS
147|0LIPCMDVVLOQHNIVHGKS
148|0LI PCRDVVLOQHSIAYGSS
149|oL.T PCROVVLQOHSIAHGSS
150|017 PCROVVLOQHNIAHGSS
151|0LT PCRDVVLOQHNIAHARS
152|QLIPCRDVVLQQHNIAHASS
153[VLOQOHNIAHGREQVLQQOSTY




249QVSYQUPQEQYPSGQVSFQS  250QQYPLGQGSFRPSQONPQAQ 251 QQYPL GQGSFRPSQONSQAQ
252 QQYPSGQGSFOPSQONPQAQ  253QQYPSGQGFFQPSQONPQAQ 254 QQYPSGQGFFQPFQONPQAQ
255QQYPSGRORPQPSQBIPQAQ 256 QQYPSSQVSFQPSQLNPQAQ 257 QRYRESQEBAGRSOONPQAQ
258EQYPSGQVSFQSSQONPQAQ  259SFRPSQONPLAQGSVQPQQL 260 SFRPSQQNPQAQGSVQPQQL

261SFRPSQUNPQTQGSVQPQQL  262SFRPSQONSQAQRSVQPQQL 263 SFRPSQNPQDQGSVQPQQL
WD 2003/ 104273 PCT/ GB2003/ 002450 110 264SFRPSQQNPRAQGSVQPQQL

265 SFQPSQONPQAQGSY crs@ B FOPSQONPQAQGSHOPRQL P67 FFORPFQONPQARGSFOPQQL
268 FEQPSOWPOAGS sxs26ETSEPS0L NPOAQGSVOPDAL P 70SEOPSOL NPOAQGSYQPQQL
271 SFQPSQONPQAQGSTR@Rk @221 SENESQONPAACGSYOPOA 73 PRAGGSVOPOQ PAFEE! RN
274 P, QTQGSVOPQORIREEmpresys  bOACGEVOPQOLPOEEI BNLL 2 7|6

PLAQGSVQPQQL POREERRIuyge sesocovtRc) BOREEN RN 278] POAGGSVQPQALPGREE! RN
279PQAQGSF CPQEEPEFEE AR 8158y EBSFEPGOL POREAHRI— P8 1PEAOBSVEPGCEPCRAE! RN
282 PQAQGSVQPOOPeE B S8 P POFER RNCALGTLRA-

162[VLOOHNIAHARSQVLOQSTY
163|VLOQHNTAHASSQVLOOSTY
164|VLQOHNIAHASSOVLQOSSY
165/HGRSOVLOQSTYQLLOELCC
166HGRSQVLODSTYOLLRELCC
167HGRSQVLOQSTYQLLRELCC
'168/HGKSQVLQQSTYQLLOELCC
169|YGSSOVLOQSTYQLVQOLCC
170HGSSQVLQOSTYQLVQQFCC
171|HGSSQVLOESTYQLVQOLCC
172|HARSQVLOQSTYQPLOOLCC
173HASSQVLQQSTYQLLQQLCC
174|HASSOVLOOSSYQOLOOLCC
175/0STYQLLOELCCQULWQIPE
176/0STYQLLRELCCOHLWQIPE
177/0STYQLLRELCCQHLWOQIPE
178)0STYQLVOOLCCOOLWOIPE
179|0STYOLVOQFCCOQLWQIPE
180|0STYQPLOQLCCQOLWQIPE,
181)0STYQLLQOLCCOQLLOIPE,
182|QSSYQOLOQLCCQQLFQIPE
183|ELCCQHLWQI PEQSQCQATH
184|ELCCOHLWQILEQSQCOATH
185(ELCCQHLWQIPEKLQCQATH
186|QLCCOQLHOTI PEQSRCOATH
187|QFCCOQLWQT PEQSRCOATH
188|QLCCOOLLQIPEQSRCOALH
189|GLCCQOLLOI PEQSQCOAIH
190|QLCCOOLFQI PEQSRCOATH
191]0I PEQSQCQALHNVVHATIL
192|0T PEQSQCQAIQNVVHATLIL
193|0ILEQSQCOATENVVHALTL,
194|0I PEQSQCOARIHKVVHAIIL
195/0I PEKLOCOATHNVVHAIIL
196|QT PEQSRCOATHNVVHATIL
197|0T PEQSQCOATHNVAHAT IM
198/0I PEQSRCOAIHNVVHAIIL
199|0ATHNVVHAT ILHQQQKO0D
200|QATHNVVHAT ILHQQOOKQQ
201|0AIONVVHAI ILHOOQRKOQO
202/0AT HKVVHAT I LHODOKO00
203|QATHNVVHAIILHQQOQO0O
204|QATHNVVHAITLHQQHHHHO
205/0ATHNVVHAIILHOQORQOD
206|QATHNVVHAL IMHOQEQQQQ
207|0ATHNVAHAT IMHOQQQQ00
208|QATHNVVHAT TLHHHQOQ00




284 PQQLPQFEI RNLALQTLPAM 285 PQQLPQFEEI RNLARK 286 PQQLPQFEEI RNLALETLPA

287 PQQLPQFEAI RNLALQTLPA 288 PQOLPQFAEI RNLALQTLPA 289

PQQLPQFQEWBNIA/IQTLBA 290 El RNLALQTLPAMCNVY! PP 291El RNPATQHPSMOMNEY] PP

292El RNLALETLPAMCNVY! PP 293EI RNLALQTLPRVCNVYI PP 294 TLPAMCNVYI PPYCTI APFG

295TLPSMCNVYI PPYCTI APFG 296 TLPAMCNVYI PPYETI VPFG ' 297 TLPAMCNVYI PPYCAMAPFG

29STLPAMCNVYI RPYCTI TPFG 299TLPAI\/CN\FgI PPYCTI APYG | 300 TLRAVCNYYI PPYCSTTI AP
V

301TLPRVONVYI RPYEST T AP =90 5+ PRYENVY-+— P Ye-STTTAP

303TLPAMCNVYI F LA ol YT RPYCTH A%ﬁﬁ FETNYR 305 YHPRYETHYPREHFSHNYR
306 Yl PPYCAVARFQ Elgi[ﬁ,% kooodiddvsry] PPYCTVAPFGI FGTNYR [ 308 Y PPYCTI TPFGFGTN |
309 YI PPYCTI ARVG EGHNKR:EGoath PRYCSTTT APVE FGTIN - - [STIYIPRYCSTTTAPFA FGTN

Y
312 Y| PPHCSTT| | APFIEGEN:ed@nY| PPHCSTTADFGISGIN [ 314 | PPYCSTITAPEG FGTNYR
315 GTANMQVDPS POREPH0@REET ANLQUIDPSGOVON QDAL 317 ATANVOVDPSGIVPWPQOOP
318 NN|CNDPSG{H 3/ 104273 DPT/CB?QO?/OO?ARO ];f

217%5}LHQQQRQQQPs§QVSL6
218}AT IMHQQEQQQQOLQOOQQ0Q
219/AT IMHQQOOQOQOEQKOQLOQ
220|AI ILHHHQQOOQQOPSSQVSY
221{KQOQOPSSQVSFQOPLOQYP
2 22|I<QQQQPSSQFS FQOPLQQOYP
ZzﬂKQQQQLSSQVSFQQPQQQYP
224|KQQQPSSQVSFQOPQQQYPL
225|0000EQKQ0LOA0000000L
22 6{HHHOEQKQQLOOOO00000L.
227 RQQQP‘SSQVS LQQPQQQYPS
228/0000L.0000000L.O000000
223/00000PSSQVSYQQPQEQYP
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S69PLYRTTTSVPFGVGTGVGAY 570 TI TRTFPI PTI SSNNNHHFR 571 PTlI SSNNNHHFRSNSNHHFH
572 HHFRSNBNBOIAIBNBINQFYR 573 HHFHSNNNQFYRNNNSPGHN 574 PCT/GB2003/002450
QFYRNNNSPGHNNPLNNNNS 575 PGHNNPLNNNNSP PSN 576 NNHSPNNNSPSNHHNNSPNN

577 SPSNHHNNSPNNNFQYHTHP 578 SPNNNFQY SNHKNLPH 57 9HTHPSNHKNL PHTNNI QQQQ

580 NLPHTNNI QQQOPRH3X63 008 &4LQPOPPFSQQOOPPFSQRQQ  $82) QROQPPESQQORPVL PQQSP

583 QUQQPVLPQUSPFSQik st QUSPES CPPQJQ (585

QQLVLPP BOQIE 000 PLVIOPSVLID 587 Q0 [PT VORSVIEOALEN

588 SVLQQLNPCI INELEXNRSE £ro0RRO CKVE MOGSPVAMPORLAR | 590CSPVAMPORLARSOMAQQSS
591 RLARSQWA 592 QQSSCHVMOQQCCQQLQQ P 593

QQQCCQALQQ PEC 2003/ 104273 PCT/ GB2003/ 002450 116
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601 CSFQRPQQRQL CQRPQARARARR 602 QL CARPQRARQQARVLQGTFL 603 QQRRQVLQGTFLQPHQ AHL
604 GTFLQPHQ AHLEAVTSI AL 605 | AHLEAVTSI ALRTLPTMCS 606

S| ALRTLPTWIOQUdIBLY SA 607 TMCSVNVPLYSATTSVPFGY  608LYSAPCIMARGMBIGSTGAY

609SClI SGLERPWOQQPLPPQQS 610 PWOQOPLPPQQSESQQPPFS 6112 QQSFSQOPPFSQQOQQPLP

612 PPFSQQQQUOPLPQOPSFSQQ 613 QPLPQOPSFSEOPPFSQOQ 619 FSQQQPPFSQQQPI LSQQPP
' 615SQQQPI L QQQQPV 616 ATAARELNPSNKELQSPQQS

617PSNKELQSP F 618 PQOSFSYQQOPFPQQPYPQR 619 QQPFPQOPYPQOPYPSQQPY
620 YPQQPYPSQOPYPSQQPFPT  621QQPYPSQUPFPTPQQQFPEQ 622 PFPTPQQQFPEQSQOPFTQP

Pl GPCPRPOCP TP 1608 R PECRE AT 6 LR BB RSERECPFP
628 PFPVQDQX]DFRQEQELBF]BMDM 16% orFgeHtQeletted hQOPFPQQ 630
M e T,
636 P@D@DFP@%PMon&&?@@@HB\Z@%ﬁ?@@Q 39-44, and 46, and
equivalents thereof; and
(b) an analogue of (a) which is capable of being recognised by a T cell
receptor that recognises the peptide of (a) and which is not more than 50 amino-acids
10 in length; and
(c) optioﬁally, in addition to the agent selected from (a) and (b), a peptide
comprising at least one epitope comprising a sequence selected from SEQ ID NO:1

and SEQ ID NO:2.
15 2. A method of claim 1 wherein the agent is HLA-DQ2-restricted.
3. A method of claim 1 wherein the agent is HLA-DQ8-restricted.

4. A method of claim 1 wherein one agent is HLA-DQ2-restricted and a second
20  agent is HLA-DQS8-restricted.

5. A method of claim 1 wherein the agent comprises a wheat epitope.

6. A method of claim 1 wherein one agent comprises a wheat epitope and one

25  agent comprises a rye epitope.

7. A method of claim 1 wherein one agent comprises a wheat epitope and one

agent comprises a barley epitope.

30 8. A method of claim 1 wherein one agent comprises a rye epitope and one

agent comprises a barley epitope.



638 VQPQQUSFPQUSQQUSQQPFAQ 639 QUSQUSQOPFAQPQQLFPEL 640
PFAQPQQLPPELQQPI PQQP  641FPELQQPI PQOPQQPFPLQP 642 PQQPQQPFPL QPQQPFPQQP

643 PLQPQUBRRGRQBFPQP-  644PQQPQRPFPQOPQLRSFPQRP 645 POQRRIEBHAYOIREPYPQQ
646 PQOPQOPYPQQQPYGSSLTS 647 PQQQPYGSSLTSI GEQ 648 ARQLNPSDQELQSPQQLYPQ WO
2003/ 104273 PCT/ GB2003/ 002450 117 649QEP QSPQQL YPQQPYPQQPY

650SRLL SPRGKELHTPQEQFPQ .651KEL P P 65 P P 4PQ 70. 1
to 100 40.1 tgrr 70 ‘giz?g.“’f 0? éa%mE%W%c°%%?S& ‘%@’%ﬂe&%
2003/ 104273 PCldrignReda3b4133 4bitbpe,1ah8 onddgbhombrised arid dpdpedf preventing or

treating coeliac disease conprising admnistering to an individual at
| east one agent selected from 5 (a) a peptide conprising at |east one

epi tope conpri $.Ng A nFRMASRCRIS €hvaekRM sifldiBehtemPriey R wqu@ﬁ%bﬁséje,rw of SEQID
NGs: 18-22, 31-36; 39-44, and 46, and equivalents thereof; and (b) an

anal ogue of5(a?m#ﬁﬁéwﬂﬁsm6%5¥%ﬂ%mﬁ? bei ng recognised by a T cell receptor
that recogni ses the peptide of (a) and which is not nore than 50

am no-acids 10 in length; and (c) optionally, in addition to the agent

sel ected from th) afdncfivd of arepaysing geircagipgpaeliat dispase coppaising adneinisistingpe

conprising a S fpHEN&Giana la%‘ﬁ&rﬁﬁcéurﬁgemcmswgnNgni')rising an agent as defined in

claim 1 and a pharmaceutically acceptable carrier or diluent.

12. A method of preventing or treating coeliac disease'comprising administering
to an individual a pharmaceutical composition comprising an antagonist ofa T cell
which has a T cell receptor as defined in claim 1, and a pharmaceutically acceptable

carrier or diluent.

13. A method of preventing or treating coeliac disease comprising administering
to an individual a composition for tolerising an individual to a gliadin protein to
suppress the production of a T cell or antibody response to an agent as defined in
claim 1, which composition comprises an agent as defined in claim 1.
20
14. A method of preventing or treating coeliac disease comprising:
diagnosing coeliac disease in an individual by either:
a) contacting a sample from the host with at least one agent selected
from:
25 1) a peptide comprising at least one epitope comprising a
sequence selected from the group conéisting of: SEQ ID
NOS:18-22, 31-36, 39-44, and 46, and equivalents thereof;
and
i) an analogue of i) which is capable of being recognised by a
30 T cell receptor that recognises 1) and which is not more than

50 amino acids in length; and



and SEQ ID NGO 2. 15 2. A nethod of claim1 wherein the agent is
HLA-DQ@2-restricted. 3. A nethod of claim1l wherein the agent is
HLA- DQB- restwixtoery3 4. A nethod of claim 1 wherein one ®g#rdB2063/002450
HLA- DQ2-restricted and a second 20 agent is HLA-D@B-restricted. 5. A
met hod of claim1 wherein the agent conp¥fses a wheat epitope. 6. A nethod
of claim1 wherein one agent.conprises a eat epito and. on 9. agent
conprises a rye epitope. 7. B\Sr?g{‘)% ’6?%@%“&??6\%‘3?%5#%%’% &R konpri ses
a wheat epitope and one agespemidepsisemeat RastloByeRidhd QRrisBR 28. A met hod
of claim 1l wherein one agent conjgri sies a rye_epitope and one agent
conprises a barley epitope. "% BﬁWﬁWﬁ%@ﬂ%@ﬁ&)éPM&% 119 9. A
met hod of claim1 wher eidgeRm@in@@eitro GABME! BEMs & D SRLpIERESRRE thefEnragent
conprises a barley epitope, and one agent conprises a rye epitop€. 10. A
nmet hod of cfai m 1 wher eif¢fogniEpHyl the A galt indieatingithas the indiviéust haspitiope, a 5
barl ey epitope, and a r¥gceRibiedBToelat dihaddBiN0d of preventing or treating
coel i ac di sease conprising admnistering to an individual a pharnmaceuti cal
conposi tion conprising &hadgalteripganpeentpedefined intlainmi andajetbraining in
pharmaceutically a I .0F-. di : t hod .of
preventing or treatq? ‘%SM%?%FF%IES&#?%é{s?%wg%grlrge??é?%eég%#r%ﬁmh?%ggerltfoﬁlgo f%}eo an
i ndi vi dual a phar negenitideting haitbs indivalualcespr is sisaeptivie tanoedigodisake;of a T
cell which has a T _gell receptor as defined in claim1, and a
pharmaceutically acceptable <carrier or diluent. 15 13. A nethod of
preventing or treatidmipistedlgtaen thidsédnaledingmogedias having dibegssusieptitgde td, 0 an
i ndi vi dual a cor’rpos'.ti on'%or tgl erising an.individual ﬁodﬁ gsl iadin.protein
to suppress tHE PrOFAET BHUSTH LS ProgiBn bl HaHYS FBLEHERe 0 an agent as
defined in claim1, which conposition conprises an agent as defined in
claim1. 20 14, _ A net had of eyenting.or treating coeliac disease
conprising: di‘agnd&eR alb%?@P{)é{:t B PCRHAROT of 2 JpedicARIPRY foR FERIRE OTETEVRRIING q)
contactingia sarpiciifcn@whéiieiniRsdgemichfpades] east one agent selected from
25 1) a peptide conprising at |east one epitope conprising a

(a) a peptide comprising at least one epitope comprising a sequence selected

from the grohp consisting of SEQ ID NOs:18-22, 31-36, 39-44, and 46, and
equivalents thereof; and
(b) an analogue of (a) which is capable of being recognised by a T cell
20  receptor that recognises the peptide of (a) and which is not more than 50 amino acids
' in length; and |
(c) optionally, in addition to the agent selected from (a) and (b), a peptide.
comprising at least one epitope comprising a sequence selected from SEQ ID NO:1
and SEQ ID NO:2.
25

16.. A use of claim 15 wherein the agent is HLA-DQ2-restricted.

17. A use of claim 15 wherein the agent is HLA-DQ8-restricted.

30 18. A use of claim 15 wherein one agent is HLA-DQ2-restricted and a second
t agent is HLA—DQ8-restricted. ‘



sequence selected fromthe group consisting of. SEQ ID NOS: 18-22, 31-36,
39-44, and 46, and equivalents thereof; and ii) an analogue of i) which is
capabl e oWoleeiang4z7@cogni sed by a 30 T cell receptor thaCTraRoemiozes i) and
which is not nore than 50 am no acids in |ength; and WO 2003/ 104273

PCT/ GB2003/ 002450 120 iii) optionally, ¥h addition to the agent selected

PCT/ GB2003/ 00 i nally, P addi K sel
equente Sel ectbd 100 ST DI NREC I oo RGP ARG | 1 vitro

whether T cells in the sanple recognise the agent; 5 recognition by the T
cells indicati&g that the in iv%dual has, or is sugce tible to, coeliac

di sease: or b)2hdm #i"& YreiaTg 1A WhEgERne 4850 EINRTISES 4 Whedf ShroPeandifie det er mi ni ng
in vivo whet hgfentlcoa@is&s d e tfiRpé.ndi vi dual recogni se the agent, recognition
of the agent indicating that tﬂe i ndi vidual has or is susceptible to
coel i ac di stase; .10 and administering to an individual diagnosed as
having, or beifng sugeePiicRig 15%11prein%@hgﬁ@cah£ﬁé§@wﬁe& HlodPgialdne agent for
preventing or treating coeliac disease. 15. e of an agent for the
prepar ati on of agenheneirEisePerarleoeriioPeat i ng or preventing 15 coeliac di sease,
wherein the agent conprises: (a) a peptide conprising at |east one epitope
conprising a sequence selected fromthe group consisting of SEQ ID

NOs: 18-22, 31-35, 38ugof chyird lﬂ&helaimdaneegpmitmam&m:@mfhepimé;elnChmﬁag@)éc an

anal ogue of  (a)_ which i e of being recognised by a T cell 20
receptor t hat %%@%6%?%%§h§§@ﬁ%%ptide of (a) and which is not nore than 50
amno acids in length; and (c) optionally, in addition to the agent
selected from(a) apd (h),.a.peptide. conprising at |east one epjtope
conprising a s%%uen‘gélsesée%lcggf‘ég“@?%??\%E@gﬁnb Wnsisga‘ﬁ%ﬁe&l[@é@?’ﬁnmeg% 25 16. A
use of cl ai m lsomiBesd burlehepiagenind bse ddedt-cDfPrises atryd apitegt. 17. A use of
claim15 wherein the agent is HLA-D@B-restricted. 30 .18. A use of claim15
wherein one agent is HLA-DQ@-restricted and a second agent is

HLA- DQB- r est r i g4.ed. A WR ZQ0%h 16 4AZRinRGTH GRRARAPAKEQ wheat epitope, 2 barley
epitope, and a rye epitope.

25. A use of claim 15 wherein the agent is present within a pharmaceutical

composition comprising a pharmaceutically acceptable carrier or diluent.

20
26. A use of claim 15 wherein the agent is present within a pharmaceutical
composition comprising an antagonist of a T cell which has a T cell receptor as
defined in claim 15, and a pharmaceutically acceptable carrier or diluent.

25 27.  Ause of claim 15 wherein the agent is present within a composition for

tolerising an individual to a gliadin protein to suppress the production of a T cell or

antibody response to an agent as defined in claim 1.

28. An agent as defined in claim 1, optionally in association with a carrier, for
30 use in a method of treating or preventing coeliac disease by tolerising T cells which

recognise the agent.



121 19. A use of claim15 wherein the agent conprises a wheat epitope. 20.
A use of claim 15 wherein one agent conprises a wheat epitope and one

agent conwpizeerloazBye epitope. 5 21. A use of claim15 waarG@aoxmessagent
conpri ses a wheat epitope and one agent gorrpri ses a barley epitope. 22. A
use of claim 15 wherein one agent corrpri S a rye epitope and one agent 10
Cormr' S€s a ba@b ey gﬂ'aﬁtg’@%]st s T’Aélf@ﬁcﬂascalﬁée@r&c%pv\é’pg{ &k”ﬂe&)ﬁ%laﬂg?m
conprises a wheat epitopg, one agent conpriSes arl ey epitope,’” and one
agent conpri s esptanaleingysiocmpien witha 2atrierAfon see ik nettaoid of ﬂrEathgermvenan§| ngl e
agent conprise rley . epitope, and a rye epitope. 25.
Aguse of m(::)l aim éci% %ﬁ?%se l??p%r}t%g%glsmgtsuci%sjl pe)r{ltsasent within a pharmaceuti cal
conposition conprising a pharnaceutlcally acceptable carrier or diluent. 20

26. A use of c 5 wh e S esent WI hi n har maceut i cal
conposi tion’ COh@I’I s%ﬂﬁgeﬂﬁ C!’??Bﬁgﬁl gﬁ“éf’rﬁf”FP 8h ¢ aHﬁ%“ rhep) |

receptor as dBfndmﬁdmleplt@ie@f o ddent a%méﬁr&dﬂﬂalﬁmi@ﬂﬂ'fubé?@a'rf{etlﬂﬁ(‘o@%ﬁﬁlge carrier
or is present within a

diluent. 25 27. A use ﬁ rgnerel n the age
conposi tion foPf PEHIERE &e @Céwaf%a?m afuat by fﬁleﬂ‘ﬁlpéﬁliehndb‘ﬂé‘taéforpf%‘@n%uppr ess
t he producti ontlﬁfpr@iuauﬁﬁjflsu@ranaamddpody response to an agent as defined in
claim1l. 28. An agent as defined in claim1, optionally in association with

acarrier, for 30 use in a nethod-of treating or preventing coeliac

di sease by ol erisi 04273
PCT/ GB2003/]E())02§1T5'0 ‘?%mhﬁ g{a{A‘?\O%itsgﬂoSﬁﬁ‘%tﬁ peg‘ghléﬁlstag% t‘?g’&ﬂ %%%Qg zel |

receptor as defhised deH r@bﬁmmeiogmsémnl agpitlap gefingd ascslmm laand)whlvh sequencearri er,
for use in a MRLBAG, Oyl hAALLAG &% IERYEPLIAS wiPLraf Hlagase by
hT ce An A de e

ant agoni si ng suc gent as aiml or an
anal ogue that binds an antibody that binds to an epl tope of an agent as

defined in cl a'.%in 1 }\n ?abs de?meid 1nclta1mﬁjo%)%_lnea'{nil:[al%g‘;[ustagggﬁnefién %ﬁgg ng coel I ac

di sease in an ifidi vidiat ol'erising Vi t he
production1ef such an anti body 10 31. A pr otein that conpri ses a sequence
which is able bi nd, t epto whi ch I epto

recogni ses an %lgentg Bara’é‘??uﬁgagc?rﬁpoéﬁlﬁ Tpﬁséﬁﬁjanvﬁﬁ?rgﬁs ggﬁ‘ﬁ‘é i"‘ 10rabI eto
cause ant agoni simmigoaisilasaielihedtihalhint 8 drideSphatheddedicdiefRbéptdbRCARD br

diluent.

20 34. . A composition for tolerising an individual to a gliadin protein to suppress the
production of a T cell or antibody response to an agent as defined in claim 1, which

composition comprises an agent as defined in claim 1.

35. A composition for antagonising a T cell response to an agent as defined in

25 claim 1, which composition comprises an antagonist as defined in claim 12.

36. A mutant gliadin protein whose wild-type sequence can be modified by a
transglutaminase to a sequence which is an agent as deﬁﬁed in claim 1, which mutant
gliadin protein comprises a mutation which prevents its modification by a

30  transglutaminase to a sequence which is an agent as defined in claim 1; or a fragment
of such a mutant gliadin protein which is at least 15 amino acids long and which

comprises the mutation.



32. An agent as defined in claim1l or an antagoni st as defined in claim12.
15 33. A pharmaceutical conposition conprising an agent as defined in claim
1 or an waotagumisB as defined in claim 12 and a phar ma®eutGR2003/002450
acceptable carrier or diluent. 20 34. A,gonposition for tolerising an
individual to a gliadin protein to suppress the production of a T cell or

anti body respaoyse tOp@PmaRefide BS c {m@@@lcd,dansgdeiﬁéﬁbelmaMb&dasa?@rfe@&& tion
conprises an agent as defined in claim1l conposi tion for

ant agoni si ng aTaEmeE} 4s debiugsdnelsing &6 edlagent as defined in 25 claim 1, which
conposi tion conprises an antagoni st as defined in claim12. 36. A nutant
gliadin protein whose wild-type sequence can be nodified by a

transgl ut am nase t@@lﬁléﬁlﬁ@ﬁ%‘e"cvmﬂ@htq daigid T4 addinenalle tomprthes onegirai m 1,

whi ch
ool {1 cat | on B S S8 LT hACEh eSS S LRl 0 o

defined in cl asequehgesare apibiagﬁmmmngdfe eSprekbicn qﬁtiteauoﬁmgbeqadmcn ipz edliei n whi ch
is at least 15 am no acids |ong and which conprises the nmutation. WO
2003/ 104273 PCT/ GB2003/ 002450 123 37. A polynucl eotide that conprises a
codi ng sequenca@ t hat peneoiiesdeacpirdingtovidm 3sfwirgint raalatef sdaeshck®@) cl ai m 36
or 31. 38. A p nucI eot i ordi ng to cl akm 37 that aﬂi‘gl tional ly

conpri ses one Bexﬂli?FSéOHr 31&1 OB JOUERG S E ROy icHs mrmmakRReflk o t he codi ng

sequence, which regul atory sequences are capable of securing the

expressi on of the COdlgﬁg’r féeq ence in a cell 39. _A pol ynuc| eot i de
according to ¢1%i m‘sEelfieal Btcffgd‘f‘%&iﬂ“éitoa? 9f°§@ﬁ‘ﬁé718’e?(95‘7h1°}hllslaé’ﬁ9’t%fx‘ﬁr essi on

of the codi ng wiaeWRME B ifdimPofRvekar yotic or manmalian cell. 10 40. A
pol ynucl eoti de according to any one of clainms 37 to 39 which is a vector or

which is in the formof a vector. 41. ' A cell conprising a polynucleotide

as defined ingny %@ell%n@hﬁh?p&? Lfcféoé& ashefifa IM{}FCQIG IBP§1a1J9rE%'7 tb h@nsf or med

with such a pol ynucl eotid according to claim41l which is a
prokaryoti & equwlmhlushmmmnsf@zweé@flnhs11clmolwunhmf@| t hat expr esses a T cell
receptor as defined in claiml. 20 44. A nethod of diagnosing coeliac
di sease, or susceptibility to coeliac disease, in an individual
conpri sing: (&g cont edltacergdiag tanipingt 1 fwhach is herokayotioetlior amamembitn arlle agent
selected from (i) a peptide conprising at | east one epitope conprising a
sequence

43. A mammal that expresses a T cell receptor as defined in claim 1.

20
44, A méthod of diagnosing coeliac disease, or susceptibility to coeliac disease,
in an individual comprising:
| (a) contacting a sample from the host with at least one agent selected from
(1) a peptide comprising at least one epitope comprising a sequence
25 selected from the group consisting of: SEQ ID NOS:18-22, 31-36, 39-
44, and 46, and equivalents thereof; and k
(iij an analogue of (i) which is capable of being recognised by a T cell
receptor that recognises (i) and which is not more than 50 amino acids
in length; and
30 (ii1) optionally, in addition to the agént selected from (i) and (i), a
peptide comprising at least one epitope comprising a sequence
selected from SEQ ID NOS:1 and 2; and



25 selected fromthe group consisting of: SEQ I D NOS: 18-22, 31-36, 39- 44,
and 46, and equivalents thereof; and (ii) an anal ogue of (i) which is
capabl e oWoledxi4z7@cogni sed by a T cell receptor that PETEEBEX®2{30) and
which is not nore than 50 ami no acids P l ength;. and 30 (iii) optionally,
in addition to the agent selected from ( Zf and (ii), a peptide conprising

at | east one epitop NCS: | and
2: and WD 2003/ 104273 9RE) @%8&%%@%@%&0@ ?‘h‘?& ?ee%’%%%@ EQ‘&’ tro

whet her T cel | sscognititiebistherpicellsiedicging $et thhéndisgdnal has, srdcogeeptiblem, by the T
cells |nd|cat|n%%th§1 t he individual has, or is susceptible to, coeliac

di sease. 5 45 Vi) agent as deflned in claim44 for the preparation
of a diagnostic neans for use in a nethod of .di agnosing coeliac disease,

ot o hg Set o nireneerues YRERT R o R et ar S Pasl oot he
agent, recogni tdegiy fbyusEh@a thethol bﬁdmgilld&lﬁ,gﬂ&deﬁ&: dlébaée bmscepﬂlﬂllwt@lb@ha@as or
is susceptible to, coeliac. disease. thgfg .. A net hod use according to

claim 44 or 45%FASP-dP AR PHEIdGR pid me C%}Sﬁ@d@tememmg)wmm%ﬁc%ﬁéfheses (i)

or (ii) bound t@iid@h] ABo dgﬂlrgeﬂmgeﬁuﬂe@ogn%n@ }hear SR BHaRDHN CFQEat g HLA,
nol ecul e capable of bin . A nmetho use according

to claima46 whEwsidal ks, @M%ﬂﬁﬁm@@ﬂWﬁcﬁﬂmcﬁ@%ﬁﬁent is in a conplex
conpri sing four HLA nol ecul es or fragnments of HLA nolecules. 48. Use
according to claim45, 46 or 47 wherein the nmethod conprises 20 -
admi ni stering the a@emﬂthqd@r upreaceiiling &f Cl@m YAred g indhergin thmged‘es et diatague he

presence of | g# @%ﬁ%bﬁﬁhsﬁé 1}&811)96P‘h )aﬂfrﬁf'Aﬁ{oﬁe% é‘ﬁ} aark‘? Ghegt i on of

i nfl anmation i catin the 1n ecogni se, t he
agent. 49. A n@meAra@lcmﬂQj¢amgal¢ @flnm@mgl(n)M(n)% or 47 vx/ner ein the sanple is
bl ood 25 sanple. 50. A method according to claim44, 46, 47 or 49 wherein
the T cells are not restinulated in antigen specific manner in vitro
before the isai d7. detAma‘tlnidngusa%@c&dingtb crlzﬁhhhﬁd;vlmelmﬂle}ﬁmcmbmbtﬂgoﬁo any one
clainms 44-50 i h.the re nition . of t T.cells is

et et mi ned by GBPBEY 1Y SCRBTCOCTEITON B 1A rBirfeortighets peiiAce | o
2003/ 104273 PCho(dB2§3/ 002450

48.  Use according to claim 45, 46 or 47 wherein the method comprises
20  administering the agent to the skin of an individual and detecting the presence of
inflammation at the site of administration, the detection of inflammation indicating

that the T cells of the individual recognise the agent.

- 49, A method according to claim 44, 46 or 47 wherein the sample is blood

25 sample.

50. A method according to claim 44, 46, 47 or 49 wherein the T cells are not

restimulated in antigen specific manner in vitro before the said determining.

30 51. A method or use according to any one claims 44-50 in which the recognition
of the agent by the T cells is determined by detecting the secretion of a cytokine from
the T cells.



125 52. A nmethod or use according to claim51 in which the cytokine is

| FN-y. 53. A nethod or use according to claimb51l or claim52 in which the
cyt oki ne we 20etogzBed by al |l owi ng the cytokine to bind reTaB2008/M@RINI sed
anti body specific to the 5 cytokine and.then detecting the presence of the
ant i body/ cyt oki ne conpl ex. 54. A .nmethod or use according to any one of
claims 44 to 56 Whex gidhodd bse a‘é@ér@ih%lomleﬂﬁh 515n GARE RYCyIRARY! fFRGy Whet her the
agent binds the T cell receptor . A nethod fof identifying an

anal ogue as defined in a claim44, 46 or 47 conprising determ ni ng whet her

a candi date subst ange,dig,dd ?ﬁegle&o%@ﬁg%vdﬁm%wo%{am 52 HOPA t Babiih&gogni ses

an epitope conprising sequence as defined in claim recognition of the

subst ance i ndi defedtesigbyt dilawvinglike @Eﬂk@tﬁdﬂb@d|t<$aralmnaa’oaliso@e@b0®58pﬁﬁﬂcmthet hod of
di agnosi ng coel e t | i ac disease, in an

i ndi vi dual gon‘p”rtlg%?%én%gﬁ% dete?ﬁn%itﬁéﬁ%%E%%)Jéﬂgféen%ﬁg%&y‘fc nOkétnreftco % that binds to
an epitope of an epitope corrprl si ng sequence as defined in cI aim44 in a

e f d di.cating that
he’i ndi vi dual “has, S QI irbERETBRE Y o1 Chsrac (i DORbst 2 57 A mot hod

of det er m ni ngdshetifies isaloGOPPMSdstligy whethet &RaBER bidls maUSdengecelﬁted.l ac .disease
conpri sing determ ning whether a protein capable of being nodified by a
transgl ut am nase to an ol i gopepti de sequence as defined in claim44 is
present in g hess conpesskidd@sy idéoigy iy Ss@iegusds dedRk OtRInm44,Adiea! | Ng t hat

t he conposition is capable of 25 cau5| ng coeliac disease. 58. A nethod
accordi ng to cPUTRASHE ‘Wﬁ’é‘?’é‘i‘ﬁ vihsthesngagd léetﬁé‘t“?ﬁaﬁ?erﬂ@rch%%’ﬁ@yﬁg ceHont acting
the conposi ti Of&cyﬁtémét@eceg&s&gﬂxmﬁ)?eeérﬁlsrenfg%qaehé‘e RAEHROGL WA £ |

capabl e of being nodified to the oligopeptide sequence, binding of the
anti body to a Boogtanedfihe sybsiange B@Wﬁ@@itﬁtéﬁ? wuhgincais angnalpgiec onposi ti on i s
capabl e of causing coeliac disease. WO 2003/ 104273 PCT/ GB2003/ 002450 126
59. A method of identifying an antagonist of a T cell, which T cell

recogni ses lan S@agent mpthodef dagepsing cedlia¢ dsdase, oo spedpsibitity tosntliac tiseage.a

candi dat e subs tance
causes a decr eggagq?dﬁ%d% C&Eﬁl I%%/&%%}rﬁl %n%%q%%%ﬁéé é}g ‘é@tﬁ}ﬁ I(E)haaltr}&zlisn? A

spgm f![ c re;sﬁoqstepe bvfen qpgbEEctompgsiog scanence ecdefidetneise 41 in mand)lcﬁfnabl I [ ty t
i ndicatin a ance i s .an on r carrying ou
a method of i %e a%f‘?s‘% e Cany Of?‘he §'$ adgl ‘??ém%ﬁ‘af e 8@1“%“8 i1 Gt Sné an

agent as defl nﬁdcdplflblehla,lcmlﬁédlséeﬁeOI’ 47 and a neans to detect the
recognltlon of the peptide by-the -T cell.

57. A method of determining Whether a composition is capable of causing coeliac
disease comprising determining whether a protein capable of being modified bya
transglutaminase to an oligopeptide sequence as defined in claim 44 is present in the
composition, the presence of the protein indicating that the composition is capable of

25 causing coeliac disease.

58. A method according to claim 57 wherein the said determining is done by

contacting the composition with an antibody specific for the sequence which is

capable of being modified to the oligopeptide sequence, binding of the antibody to a
30  protein in the composition indicating the composition is capable of causing coeliac

disease.



10 61. A kit according to claim®60 wherein the neans to detect recognition
conprises an antibody to IFN-y. 62. A kit according to claim®6l wherein the
anti body we 200l sed on a solid 15 support and opti @caldBzoedm24s0t al so
conprises a neans to detect the anti body/IFNy conplex. 63. Use of an
agent or antagonist as defined in claim S or a wild type sequence as
defined in claig 36 r gent

ant agoni st or @1 g&ﬂﬁgggggﬁﬁgﬂﬁgga%ggg%k§H1 0& %m#%gﬂ%ﬁ s éﬁ*gﬁltope of
a gliadin prot egem; awdeﬁndrd ig[olairo peconprisisg c@iedcmlngdcanﬂldeteaumme withhthddcr ease

h bi | f di 6 Met hod
of 1 dont 1 1yi ngedl BPRlsRTRIRY e hBpbuiee & S Stie AR FLuR AT M1

conpri si ng admioninge@d Iaﬂgntigeﬁémadifﬁaés@ombl,bﬁé &eeng 6f ay ARdiRtreds il&lid ned in
claim43 whic tible to, coeliac disease and

susce
det er ni ni ng’ whgfﬂ@?umgﬁ%mqﬁﬁ%%sg?@9§ﬁf YHeeeRisht s coel i ac di sease in the

mammal , the prevention or 30 treatment of coeliac disease indicating that
the substance is a t herapeutic product. WO 2003/ 104273 PCT/ GB2003/ 002450
127 66. A t her 8peutd &itfproamnins g4t apethad qruggpcrordmgdo mytams @t Primsiddites 5 f or

use in a met hadnQfsidr 88k L@ MEd Il 8dh 48N ECRAY LAEa gl'e&%%@etec@ﬁm A nethod of
di agnosi ng coeliac disease, or susceptibility to coeliac disease in 5 an

i ndi vi dual conﬁﬁpgﬁmﬂrQﬁﬁﬁnﬂﬁQQQﬂﬂﬁdT@ﬂlagent as defined in claim44 and
determning,in vivo whether T cells in the individual recognise the agent,
recognition of the agent indicating that the individual has or.is
suscepti bl e t o6boel &g adiosingte.clbg 60 Ahewsin thamears do dgect eegritiom 41 which is a

cell of a granlgﬁ&%9y§1m$$vﬂq$9§92yledonous species. 69. A cell according

to claim68 whi IS a ce mai ze, oats, rye, rice, Dbarley,
triticale, sorghum or sugar cane. 15 70. A process for the production of a

protern encodefh bY R S9s Rt SBUEREE S5l LSS R ShabMATMLED. Process

conprises: (a) Gul tivat accor |ng 42, 68
or 69 undes compgoit uﬁﬂmatlbitﬂly thd kitalsd doenpeixqeragmainon defect theamibedygiFN-y and
optionally (b) recovering the expressed protein. 20 71. A nethod of
obtaining a tr&%y%hic plant cell conprising:

63.  Use of an agent or antagonist as defined in claim 62 or a wild type sequence
as defined in claim 36 to produce an antibody specific to the agent, antagonist or

20  wild type sequence.

64.  Use of a mutation in an epitope of a gliadin protein, which epitope is as
defined in claim 44, to decrease the ability of the gliadin protein to cause coeliac
disease.
25

' 65.  Method of identifying a prdduct which is therapeutic for coeliac disease
comprising administering a candidate substance to a mammal as defined in claim 43
which has, or which is susceptible to, coeliac disease and determining whether
substaﬂce prevents or treats coeliac disease in the mammal, the prevention or

30 treatment of coeliac disease indicating that the substance is a therapeutic product.



(a) transformng a plant cell with a vector according to claim40 to give a
transgenic plant cell. 25 72. A nethod of obtaining a first-generation
t ransgeni wopheto4z7onpri sing: (b) regenerating a transgeqraGEeio24sel |
transforned with a vector according to ¢claim40 to give a transgenic
plant. 73. A nmethod of obtaining a translﬁéni c plant seed conprising: 30 (c)

obt ai ning a transgenpi . enl ¢ ant. obt ainabl e. by step (b)

of ol ai m 72, i 2005 Ee RSP B A EEE A RhBE e R R S

obt ai ni ng a t rmathgénf eymigeomtreptiggdoei@niieasei Nng obt ai ning a

second-generation transgenic progeny plant froma first-generation

transgeni c plant obtainable by a nmethod according to claim 72, and

?pti o?ﬁl |y obt ga‘r.ni n@nie:l@ﬂ%geﬂa'gﬁbsin@h@e:’hh&?i@éa;@?ﬁs@éepgt@iﬂi_@ tﬁgbéli%gﬂis%@@ﬁ{ ﬁt idons
romthe second- on .progeny. pl.an oht ai_ned. : met ho

accor di ngst d cf‘%’g‘ﬁ&%%ﬁﬁpggg %‘g’?%’(sg)l_n%ﬁ’t %ﬁeﬁ‘iaﬁg‘g@“e@ﬁ%h%i&é‘iﬁ @dseed froma

first-generati @ieddiBRSGOMCHIRHANT celtlh #enmlliBudd Yecbfifise TR {pagk AECHEHNG t O

claim 73, then obtaini ngi a_second-generation 10 transgeni c progeny plant

C

fromthe trans§fehs eecabiadicatingdnad the indayidunl By as Tuprgpdhle iptopkjacaiisease.
first-generation transgenic plant obtainable by - the nethod according to
claim72 to give a second-generation progeny plant; and/or 15 (f) crossing
a first-generafdon 4 redhargering thlaim4lowkiah isalseld obygramineedovsl  according to
claim72 with ag JcBSzﬁchﬁ&l@ts d-g.0i ve a second-generation progeny plant; and
optionally (g) obtarning tr%nsgeni c progeny plants of one or nore further
generations fromthe second-generation progeny plant thus obtained. 20 76.
A transgeni c plant . 1Pl ed or oge | ant obt ai nabl e by a
met hod accor di J?lgs to&gér%/ac(%ﬁljg%g%o %lﬁla;n%rgswﬁ% té C‘?%Bf“i%aeﬁ'a ¥ a%%sg@’ﬁi €l ant or
pl ant seed conjpnlegtrigeatd, asghwelor sugaceoe.di ng to claim 68 25 or 69. 78. A
transgenic plant cell callus conprising plant cells according to claim68
or 69 obtainable froma transgenic plant cell, first-generation plant,

pl ant seedior 7(Qr ogeptcas fetelid predhction efyprowia eafoded By Sreodddy se@@Rncedds 71 to 75.
30

defined in claim 37 which process comprises:
(@) cultivating a cell according to any one of claims 41, 42, 68 or 69
under conditions that allow the expression of the protein; and optionally

(b) recovering the expressed protein.

20
71. Aingthod of obtaining a transgenic plant cell comprising:
(a) transforming a plant cell with a vector according to claim 40 to give a
transgenic plant cell.
25 72. A method of obtaining a first-generation transgenic plant comprising:
(b)  regenerating a transgenic plant cell transformed with a vector
according to claim 40 to give a transgenic plant.
73. A method of obtaining a transgenic plant seed compﬁsing:
30 (©) obtaining a transgenic seed from a transgenic plant obtainable by step

(b) of claim 72.



79. A plant or callus according to any one of clainms claim76 to 78 which
Is of a species as defined in claim®68 or 69. WO 2003/104273

PCT/ GB20030C0@346@273129 80. A net hod of obtai ni ng a cr op PETA&R2003/@®480r i Si ng
harvesting a crop product froma plant ﬁ?cordi ng to any one of clains 76
to 79 and optionally further processing the harvested product. 5 81. A

nmet hod accor di Rg to ?Aeﬁio@o@gbtmﬁrg%iﬂn%%ﬁlgif {B%/o%gﬁgrélﬁnet?c’}éﬁ%%ﬁ S@g%ﬂ%%fgnd t he

harvest ed crop product 1s graln; “optl o flour or
anot her  gr ai nsqepptgantrati8Rirandganapogemp glact frobt dirstablegatioy transgetibipdntaccor di ng

to claim80 or 81. ..10 83 .A.fo00d. t ri .a pratei.n as defined in
any claim 31 o?ﬁélgébl%ﬁ}.’aﬂe?lggac ngdg%rngiclﬁlgngﬁi a@gﬁﬁ%ﬂ@@ (?Dtr%a"\}\l,ﬁ%cﬁnsgenﬁ? otein as
defined in cl aplantSdf @fe c3tord Arthaedndraine fdmake sabdmd-dey@etiql pragbnn pladd

5 thus obtained.

75. A method according to claim 74 comprising:
(d) obtaining a transgenic seed from a first-generation transgenic plant
obtainable by the method according to claim 73, then obtaining a second-generation
10  transgenic progeny plant from the transgenic seed,
and/or
(e) propagating clonally a first-generation transgenic plant obtainable by
the method according to claim 72 to give a second-generation progeny plant;
and/or | V
15 ) crossing a first-generation transgenic plant obtainable by a method
according to claim 72 with another plant to give a second-generation progeny plant;-
and optionally |
(g) obtaining transgenic progeny plants of one or more further
generations from the second-generation progeny plant thus obtained.
20 —
76. A transgenic plant cell, plant, plant seed or progeny plant obtainable by a

method according to any one of claims 71 to 75.

77. A transgenic plant or plant seed comprising plant cells according to claim 68

25  or 69.

78. A transgenic plant cell callus comprising plant cells according to claim 68 or
69 obtainable from a transgenic plant cell, first-generation plant, plant seed or
progeny as defined in any one of claims 68, 69, or 71 to 75.

30
79. A plant or callus according to any one of claims claim 76 to 78 which is of a

species as defined in claim 68 or 69.



WO 2003/104273 PCT/GB2003/002450
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80. A method of obtaining a crop product comprising harvesting a crop product
from a plant according to any one of claims 76 to 79 and optionally further

processing the harvested product.

81. A method according to claim 80 wherein the plant is a wheat plant and the
harvested crop product is grain; optionally further processed into flour or another

grain product.

82. A crop product obtainable by a method according to claim 80 or 81.

83. A food that comprises a protein as defined in any claim 31 or 36.

84. A food according to claim 83 in which a protein as defined in claim 31 or 36

is used instead of wild-type gliadin.



