5 Decenber 2006 WD 03/104273 PCT/ GB03102450 | THERAP I S AND
USES THEREOF The invention relates to epitopes useful E#ﬁ%ééﬁ%%rggﬁgsis and
t herapy of coeliac disease, including diagnostics, therapeutics, kits, and
met hods_of using the foregoing. 5 An imune reaction to %Iiadin (a
conponeR V%Gt en) in the diet causes coeliac di s€&IEBWR4L Known t hat

i mune responses in the intestinal tissue preferentially respond to
gliadin which has been nodified by an'intestinal transgl ut am nase. Coeli ac

di sease i s di agnosed ﬁkﬁﬁﬁﬁf ﬁ%ﬁﬁﬁﬁﬂﬂfﬁﬁ anti bodi es, but this
requires confirnatiog§§§ t he Fgg?ﬁéP§$ a | ynphocy |%F10 inflammtion in
i ntestinal bi opsilésinvatien tehikes togpibdpesuseful in thpi dagsosisiasd thereyrvfeni ent for  the
patient. ‘I nvestj i : nky.intestinal T cel
responses p&%&# eggéﬁg%@%lg#%&¥%%ﬁ@%%F@%i§gEgﬁ%ggﬁﬁg%%xréggbnse agai nst
gl i adi ns. Thiregbioge they have concentrated on the investigation of T cel
responses.in integst.i ' e Ladin_epi.t ich require
transgl ut %m' nase%o%?ﬁec%%cﬁgﬁgﬁ%aél#g{?é%r?lﬂog‘%/m3r§mﬂn8%§§eg%§aeuéesoy t he i mune
syslt enr?]I ar e doabasrtiseabh elt ishmernt that sninengeeshonserdn th xtdstimelitisoeto mi Inant 'é’ cel | .
A-gliadin_ep] e | S : [ em i.n coeliac disease, an
have shown tI%@gyﬁwggﬁégg?J %%%?%%%H%}w#H%%$P§¥§%”gﬁgﬂ%eripheral bl ood of
i ndi vi dual s trinsgluteoisise aCoddircdimsse i HappoRObVPOUd2B78BIndorSuh T cells were
found to be pt. t . 1l poigh £ i t etectabl e w t hout
restinn1atii%%£%ﬁ£gw9%mg%gg?h res%gﬁggﬂﬁggg%gﬁvgﬁn@§§?%n1could be wused).
The epit dpe WmBsmhadienin ififesidal bpsigy. dAheking ofsedh a tédpsynis ingotyersed foret hod whi ch
provided a qﬁ%sm@&curate reflection of the epitopes being recognised. The
i mrunodoni nant “epitope requires transgl utam nase nodification (causing 25
substitution of &nvpdigttpsbivapregiowdarsmedtlat gityinmstanlel) ceb efsponeesi mune system
recognition. e [ e l.hventors haye. develkoped a test which
can be uselegﬂ&Hgégﬂﬁ%ﬂhéﬁh 4%&@@ séﬁ%§§§’“3%”%%@?%“%?§8§Em%he test may be
carried out tbey mveeampngated ondlm ipestigotier diT cbll memnen th ittbtinad tisue'. an i nt est i nal
bi opsy i S. nok;: ' . : [ 30 nor ensi .1 v an the anti body
_ tests mh?%hq%%%ﬁgﬁtégﬂyPépﬁg#ﬁ%Eﬁggggégﬁgn$ﬁﬁé§ﬁﬁ éﬁx?ﬁﬁéﬁ%rovides a net hod
of di agnosi ngeagoiedd tadhedingeessestengrare lswwaept i bi lity to coeliac disease, in an

ndi vi dual - conpr irg) ik B PR AR 299500oiPad MALALAEGHAGE0% 02450

recognised by the immune system in coeliac disease, and have shown that this is

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

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 response’ detection system could be
used). The epitope was identified using 2 non-T cell cloniné based method which
provided a more accurate reflection of the epitoﬁes being recognised. The
immunodominant epitope requires transglitaminase 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 test is

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:



2 (a) contacting a sanple fromthe host with an agent 5'3 Jﬁ%ﬁﬁ{ﬁ%@?é@m (1)
the epitope conprising sequence which is: SEQ ID NG [? SEQ | D

NO 2 (QLQPFPQPELPYPQPQS), or an equival ent sequence from a naturally
occurrin honol ogue of the gliadin represented by SEQ ID NO 3, (ii) an

epi t opeVOIPI¥ S ng 5 sequence conprising: SEQ ID No P ’G(S‘P?’"Qr‘l“eqw val ent
sequence froma naturally occurring honol ogue of the gI iadin represented
by SEQ ID NO 3 (shown in Table 1), whi ch epitope is an isol ated

ol i gopeptide deri | ogue of (i) or
(15 MR oh s capul Beaph S A2k Be Rl B st e Bom AR, 00°F 21

recogni ses (PEth?P CQUPTIFINg §olahesbe Whlchlﬁéiﬁ@d@é«bi (P&PEEBY)odEE@H?aNﬁ@Je is not nore

than 50 tO0 a WP@@PQEP‘W@*@%QM&&valgﬁt;ééqu%lcgﬁgrg%%ﬁgﬂ”' Srl%gl ';]WSI ;):Om)re

;_n

agents as defined in
whet her T ceFlp@Olpg\letoﬁfée gl&ﬁﬁlf@f%@fé@dmsﬁ@ IDN{s3, &@@ntepltopeomgmsmg on by the T
celI's indiscatighet hadoribih dbwsiy sce e to, coeliac
di sease. Thro&gh ‘ nﬁjpelﬁgr%pve\ﬂn(gp%h%ﬁ%m tsgﬁﬁem‘?ﬂc’n&lag bIlcl,yel | epitopes

(see is Exarrﬁ‘l’cérfmzjlom‘ﬂ%epﬁﬁh@ﬁtaémgemwdd)WBQﬂBW @mﬂmp@sbléal oactive in

i1 ar cor o Eanonepichy ShedatAYsitbiue fth Sl AR oo ThAT, ') Cnge
sequences (ea@fbgu@@@ Pﬂﬂmdslici@@le oftsing webgnisadbyi mTv@IrsoepIaﬂﬂms and barl ey
hordei ns (€. geponR Pri 39 | 1.

Addi tional ly, e’sgélvgsrq ¢ g |tope]gﬂ]bl)mosgtglfa i d%?lml%g 1S§§tmd°(gseasse02| n 20 HLA- DB+
patients iﬁav@ﬂ@ééﬂdﬁlmbnﬂh,fw 69 a(peodyct CO@E@DEDVWO&Z@M$ aséﬂeﬁned]ﬂn S

o T cofy MRt Tl i 5%yl e ER ARK B SRESRE 00 T er” |
met hods of tF’Péagﬁinm;fé@aﬂit@nbﬂ@g@rcﬁlbemildmmghﬂthm;dmmakimfomsrred usi ng any of
these addi ti gRaliidgndokfids S pi topes, and anal ogues and equival ents
thereof; (i) an 9{3 her":elgﬁas?encl ude these 25 additional epitopes. That is,
the agents of th qwlecmwhelwvsmapm@%eatgiaémTrmuamop@mseeopes The

i agnost | 5 ranDah et B uif SRE BhopSbickilfe BoBBE Ml Ceace, or
suscepti bil i I@A-E@m@@ﬂntsa%ofmrg@a@ehadm taving mlhlallcoiﬂ&qpersal(elg et hod

conprising d th recogni se the
aggﬁt r egog% I on qu-zwﬁar rﬁgl?lf%réﬁéeﬁ %‘f%tﬁd}ﬁ%(bg%@’i B[ual has, or
i s suscepti bivelasay W@@@hlmendhadedmeiemﬂm&@ﬁbmmn\éﬁ%/ 104273
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nodi fi ed by transgl utam nase as we R*°8t her epi t opes
defi ned Ber M I¥)34 patagints bgves been identified (e.g., SEQ ID NOS:42-44, 46). This

comprehensive mapping thus provides the dominant epitopes recognized by T cells -

. in coeliac patients.l Thus, the above-described method and other methods of the
invention described herein may be performed using any of these additional identified
epitopes, and analogues and equivalents thereof; (i) and (i) herein include these

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 diseaée, 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.



di agnosi s of coeliac disease based-on determ ni ng whet hoebe(%%%rrzbé/ es of

i mmune response to this epitope are present. Thus the 1nvention-also
provides a nmethod of 5 diagnosing coeliac disease, or susceptibility to
coeliac_disease, in an individual conprising deternnin t(P_e presence of
an anti BOY 4Bt binds to the epitope in a sanple fPEMEBARANI vi dual , the
presence of the antibody indicating that the individual has, or is
susceptible to, coeliac disease. The ?nvegglon addi tional ly prOV|destL23 o
agent, optional | ymd : i at | ; . carrier. for use in a nme

t?eati ng or pr ev?%#e?ﬁ%ﬁgg%%%? flgsﬂé%%é Itfl)pi% 1%1;31%%5115%{!@ cel I's which

recogni se t h&asgeinminag (eowiras ttieddditianal ofher qmbmgdwﬁntsd he®a‘11|1)i'alsa' allgs|  whi c[]i gﬁs
aTcell rec - . .Ses. (4 . (1 ionally in associa

with a carri g?%%%F%E%%gﬁgﬂgﬁaﬁoﬁgg&gﬁ?éEfée%l}eﬁ(gtg%m f)srtg\’f_érﬂ?qe_ng coeliac

di sease by arﬁﬁmgﬁﬁ‘tbﬂilmltgmtﬁpTesertLe’I'léustheAﬂ'dmﬁong]s%pdogdqa:amﬂxde@E ![)s ]Ehe ag:nit ]
or an.anal:0 i: I t hat i nds .t he ent) for u

a met hod of g%ﬁ ?%[{gtg ?%%J%%%q%’r? %\@/eoﬁ |S‘Fle§§%]%t§h cé)gha %ig%aﬁ%glﬁnﬁng‘ﬂd“gfndi vi dual by

tol eri si ng t hengnsidi déteromid ingtbemasenoengantahﬁ:opy thaitbxi C_ism{”ﬂrl]@épitsp&dﬂna an atn_tl l;o_d;s/.
The inventiog, ' - 3 eter m ni A r..a conposition i _
capabl e of cau !Ee%dng%gﬁﬁgc@%};@ggg%mééﬁ%%q%ﬁmgg?gﬁﬁiﬂﬁg. whet her a protein
capabl e of Weiviigalrasfis edcdptiblatof coalivs gisessar Ease to a_nt_ol i gopﬁptl dg e of
sequence as defi . | the conposition, .the pres _

t hg protei n i ndi ggltg fnﬁgnﬁt%ﬁg‘%/dﬁ%oh%ly%ogisrﬁgsg%? %_%e%%olﬁgmgggnaﬁoga%f‘ ‘E’i’&m ng coeliac
di sease. Whecarpy éwtliseimaah@hpdpf@:nhMpmvm@mh@:dnsfﬂel_quﬁreﬂm@t T whose
wld-type s : . p fi .transqgl u nase .to a sequence
that conpri Soa SREFLERRed o TR At b AU GRS o B i cr
mut ant gli adil1’1C@krmeeionthmsco@ssebemf(mmhd nbmgﬂylmassosnaﬁdmlva:h\mymbﬂnmtl t doga uggg .
contai n sequgie¢ | - ified,. a transglutamngse to a s

t hat conpr iqslgsg Sﬁauﬂé%%%fggﬁfggrﬁg%ﬁ Foseih?lcgé{segsgéﬁ5#%%?‘818$f‘ﬁh ragment of such
a nutant gl i@His-nﬁctﬁumellyrprwrdeéhth@gaﬂgﬂa?asaéogjxéthauﬁmgbanmbﬁ_fﬁ (haing atn_d \rll\hla fgo
.conprises.s ' S i.fied in. said,. . e inventio

pr (r)rei desS1551 S@gﬁglﬁ\e gdg}té@aftg%gﬁlparf%g}g@ Og%s"léf&oéﬁﬁegew %Qﬁhz\i,‘\:gdysﬁﬁf’éia%o to bind to a
T cel | recepindividualhy toferifing &k indivilnglpe prevenghogoduste of heh agafibodyand whi ch

sequence is able . i a.l.cell that carri.es such a T cell
regept or. 5 Decer’l;[%%rn %gﬁprgﬁ&%ggﬂhﬁ%%{ewy %w#Wéﬁf?r?ﬁ?SI P5¥Vi des a food

t hat conpri s@gabldrd cprsiog edaliac digtas cormgtisal daterminFigIARY: @}otaﬂﬂ_EaphIB‘ih/ENl'l'_l ON The
resent invepti. Qvides hods of preventing or tr i hg coeliac

8 i sease corr%ﬁj%ng? %galﬁéédrﬁq(nﬁ trsa%q%?mr’f]gm B ﬁ‘ﬂfgﬁa‘il” ii?j%&‘}m?tas ﬁ%ﬁ%‘{] one agent

sel ect ed 20 r o4bpved§ prasenipe ieicorepasitinn tiepresgcads theqasttin GidRat@Ritta0fRe conprising a

Seq u ence sel c%&&)gsgtiofnriso Qp:}btl.'eeof causing coeliac disease,

The invention also provides a mutant gliadin protein whose wild-type

- sequence can be modified by a transglutaminase to a sequence that comprises an

epitope comprising sequence as defined above, but which mutant ghiadin protein- 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 tobind 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.



group consisting of SEQ I D NOs: 18-22, 31-36, 39-44, a

equi valents thereof; and b) an anal ogue of a) which irsy[gg%énb e‘%g?e bei ng
recognised by a T cell receptor that recognises the peptide of a) and
which is not nore than 50 amino acids in length; and c) optionally, in
addition to the agent selected froma) and b), a peptide conprising at

| east one epitope conprising a sequence selected fromSEQ ID NO 1 and SEQ
ID NO 2. In some enbodi nents, the agent is HLA-DQ@-restricted, HLA-
DB-restricted or one agent is HLA-DQR2-restricted and a second agent is
BLA- D@B-r estri ctadditidnallishemvantibosiovides  Sgodtiaeconpens the propinsses a wheat

epi tope, a rﬁgﬁmﬁ%&gpe, a barl ey epitope or any conbination thereof either
as a single agent or as nultiple agents. In an aspect of the present
invention, there is provided a use of an agent for the preparation of a

medi canent f j ,hg celiac disease, wherein the agent
conpri ses: (§¥D§ﬁ§%%¢ggﬁ?ow&§ at | east one epitope conprising a
sequence sel 8b¢ pesenfin@midneoviiconptheh b pistentigy 0@ freainildefciseas?2 and
transgl ut am nase- i dat ed SEQ .l . A9-21, 31-36, 39:44, and 46, and
equi val ents t ﬁg nesong;%gaélﬁlﬁk% tog?%nglﬁ’gf’%ﬁlga%?m(aﬁ%m W#th'ﬁﬁ?% B3%pabl e of being
recogni sed byemidd cangirsing atdespnocpitbitabmpedRoiegrfectsklect@fiolare of (a) and
whi ch is not rg%hr&? 1 pa - #{f % | en Q'ad(v(i%PgOpt'ionally,in
addition to FHeEP aogmelrsﬁa}1 soegEegﬁeggf‘?% ?5)3 g‘ﬁcﬁ’(%‘% 6’3“%@&? conpri sing at
:'eDailtO oge _cla_ﬁmempéanxthmt !‘linﬁiildg@da&ﬁ?ﬁtﬁﬁﬁ@aﬁ@%ﬂﬁh@@ﬁcﬁ@?ﬁd@ﬁ@f del? NOi_I and SEQ
2. e present inveniion. oyi des e s_of preventing or
treating coefeﬁc%éor%%lt g8 es%%?‘i“@i"ﬁ@ E’g‘ém\{’ﬁ]i‘ ‘§1“8W‘ﬁ@8"?%50éﬁm}°ﬁaﬁd§i dual a
phar maceut i cal lemthypmisd) bptivnallycnpdidicite e agene@Rokd RARYRnARN. phaadraceut i cal |y
acceptabl e carver. or ' '

g di Jhuent. The present invent i(gt? aléﬁmor ovi des met hods
of preventi n§  YFSPEALFFHYC RitePs EPhIgRE R segueneeshisrpd iR NPdtering to an
i ndi vi dual aaplSBQUEXKOL] habmomibpSisiedits, At ag& BHILAS DO reficeaEAgani st of a T
cell which h a T.cell recept ef i ne bove, . and a pharmaceutically
accept abl e cgiﬁirﬁs}mge GPeE I.S?@“@%g%‘@f’tﬁ’g Sﬂ%ﬁd“ﬁ‘i’é“ﬁﬁﬂe‘g'ent i nvention

al so provi deBQBeéstriztta. Infsorps @abodiinking tRragént Ectipridg aGaRdtiefifpe, dipzease conpri sing
adm ni stering.to an 'indi.éiadual a or'rgos' tign for tolerising an individual
to a gliadi n%bt}oget’ B PIORY [ ABY omdiation teren! eitigpassksinglepeeakenas o ant i body
response to mgltipgapdnisas defi ned above, which conposition conprises an agent

s Jefined abovey I Bl eRent ML OBl SRR 5P TR RS ©f

the preparation of a medicament for treating or preventing celiac disease, wherein the
agent comprises: '

(a) a peptide comprising’ at least one epitope comprising a sequence selected
from the group consisting of SEQ ID NO: 22 and transglutaminase-deamidated SEQ
ID Nos:19-21, 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
receptor that recognises the epitope 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.

The present invention also provides methods of preventing or treating coeliac
disease comprising administering to an individual a pharmaceutical composition
comprising an agent above and pharmaceutically acceptable carrier or diluent.

The present invention also provides methods of preventing or treating coeliac
disease comprising administering to an individual a pharmaceutical composition
comprising an antagonist of a T cell which has a T cell receptor as defined above,

and a pharmaceutically acceptable carrier or diluent.



di sease by 1) diagnosing coeliac disease in an individ by eit :a)
contacting a sanple fromthe host with at | east one aégh?c ?g@@@é from
i) a peptide conprising at 5 Decenber 2006 s |east one epitope conprising
a sequence selected fromthe group consisting of: SEQ |D NOS: 18-22,
31-36, 39-44, and 46, and equival ents thereof; and ii) an anal ogue of i)
whi ch is capable of being recognised by a T cell receptor that recognises
i) and which is not nore than 50 amno acids in length; and iii)
optionally, in adgsti : ?ﬁﬁﬂk i i{:)., a peptide
conpri sing at.leg§%$gﬁgﬁ%§?%§§%M)onprfggﬁgﬁ%?ﬁgﬁﬁﬁgh%gﬁﬁg %%P%H fromSEQ ID
NOS: | and 2dsepsecomprigngadaiimgiering todniindividaba ¢panpositionder thlerising ahhe sanpl e
recogni se tNedRgRR G 2 ERARGILA Riuit¥est A pbaiBbd Sra P GALLAG, L hAt the

i ndi vidual has, or 1s susceptible’to, cbel ac i sease; or adm ni stering
an agent as redRanpetedn adsehae defimed abeves which rowepositiondowprisshetdgert ad cells in the

i ndi vi dual rggR@MiRge. t he agent, recognition of the agent indicating that
the individual has or is susceptible to coeliac disease; and 2)

adm ni st eri ng t o T&aprepat preation algiprayesmetheds ofpreventing optreabieg svgliacsuscept i bl e
to, coeliac gggélg@%ﬁi)gia%{b%g&g%l eﬁgﬁl%iﬁ(ﬁ’\fidugﬁg‘é J azgongig JtS.eating coeliac
di sease. The preséent 1hvention also provides agents as defi®ned above,
optional | y i sempledfeascihehisbyityit least anaagentisdectedifiom: i) s gepitide compeisibgat of treating
or preventing coeliac disease by tolerising T cells which recognise the
agent. The present invention also provides antagonists of a T cell which
has a T cell receptor as defined above, optionally in association with a
carrier, for use in a nethod of treating or preventing coeliac disease by
ant agoni sing such T cells. In another aspect of the present invention,
there is provided an agent as defined above or an anal ogue that binds an
anti body that binds to an epitope of an agent as defined above for use in
a nmethod of treating or preventing coeliac disease in an individual by
tolerising the individual to prevent the production of such an anti body.
~The present invention also provides proteins that conprises a seqguence
~which 1is able to bind to a T cell receptor, which T cell receptor

recogni ses.an agent as defined above, and which sequence is able to cause
antagonismof a T cell that carries such a T cell receptor. In yet another
aspect of the present invention, there is provided an agent as defined
above or an antagoni st as defined above. The present invention also

provi des pharmaceutical compositions conprising an agent or antagonist as
defined and a pharmaceutically acceptable carrier or diluent. 5 Decenber
2006




5a The present invention also provides conpositions for | eri si an
individgal to a gliadin protei.n to suppress the produé%bg%?gF§§B cell or
anti body response to an agent as defined above, which conposition
conprises an agent as defined above. The present invention also provides
conpositions for antagonising a T cell response to an agent as defined
above, which conposition conprises an antagoni st as defined above. 5
Decenber 2006 6 The present invention al so provides nutant gliadin
protei ns whose wi |l d-type sequence can be nodified by a transgl utanm nase to
a sequence whiagthong epitepe @geritingissequkatd seleeled fok haigibug conditinglar mmhant gl i adin

protein conpky ) ! i events [ts nodification by a
t msgl ut am nellis) éﬁﬁoﬁéﬁgge%%éé%%‘fg% a‘?‘%eq&‘ﬁﬁﬁéﬁhﬁreﬁﬁngﬂb@iaﬁﬁ%“ﬁ%ve; or a
fragment of Sudicles rapbldeadf byink adbghised b £T Belbieplor thit rétbpliR@Phndl5 ani no aci ds
| ong and whi ¢h. conprises, t nmut at.,.on, The pr.esent invention also provides
pol ynucl eot i g'ghls‘:%t]ﬁqﬁa%tt mgrgr%apsggxgmgacggw }ngtﬂsaéguﬁﬁwnelﬁa%l agditndades protein or
fragnment as dﬁ’nit wk:dtefhﬁrom_é).anif ﬁﬁapé;ﬁiﬁ@d&ﬁm;ﬁﬁiﬁ@ﬂﬂéa&rbnm_ &Eﬂyﬁ%&sﬂ cells f .
W TR such a BORLETestrae SERTR ML B R bimons i v Wieder Boo mammal o |
that expressesisdn fhe eiple E@EER Y ageSre6lRhitiOLLY BHDYSLs idRRRUEE aspect of
i scnse, or ERSERBRRior kapeRghBuRr el Greeare) e athenl
di sease, or i ad@)a Tig A% PRFRIAS al
conpri sing: {efined siovaididoGmaniSHNNS WheQE T dafs AR tindMiddl BloghiSARL ONE agent
sel ected from (ibe) a.@equde caonpri.sing at |east one epi;ﬂge conprising a
sequence sef&58% BGOFERC %ang%{r'}EcaE%@i“é‘ﬁ%“é‘#alh@EQSW pled and
transgl ut amesBactiamekat eyhdpER té@g%inﬁ%ﬂ&%di?gh)%ée?ﬁs hdﬁ%?‘h‘}beiﬁé;d 46, and
1c

equi val ents thereaof; and (iLi) an anal ogue o i 's capabl e of being
recogni sed b@lS%Fp‘TﬁE@I’ ?Oeg‘?céit’:séﬁ? B frerapcitic pgeptfgrprevsatingiontrenting evgliscof (i) and
whi ch i s notdiggagee than 50 amino acids in length; and (iii) optionally, in
addition to the agent selected from(i) and (ii), a peptide conprising at
| east one epi topé[%EBﬁff’PF@Y%BO%IS%’EﬁY&%@e@éF%ﬁE@abwempti@tﬁﬂyinD NOS: | and 2;
and (b) det elskdciitiBgwiiia Mirder J . .2 recogni se the
agent; recognition by the ,$oﬁ(’}4§‘re%l12€1lﬁert]}1§fl§gﬁa§%g%}ﬁge?%uﬁglfqgh I vidual s has, or
is suscepti gza@d{y tolerising T cells which recognise the agent.

The present invention also provides antagonists of a T cell which has a T cell

receptor as defined above, optionally in association with a carrier, for use in a
method of treating or preventing coeliac disease by antagonising such T cells.

In another aspect of the present invention, there is provided an agent as
defined above or an analogue that binds an antibody that binds to an epitope of an agent
as defined above for use in a method of treating or preventing coeliac disease in an
individual by tolerising the individual to prevent the production of such an antibody.

The present invention also provides proteins that comprises a sequence which

is able to bind to a T cell receptor, which T cell receptor recognises an agent as
defined 4bove, and which sequence is able to cause antagonism of a T cell that
carries such a T cell receptor.

In yet another aspect of the present invention, there is provided an agent as

defined above or an antagonist as defined above.

The present invention also provides pharmacentical compositions comprising

an agent or antagonist as defined and a pharmaceutically acceptable carrier or
diluent. ' |



coeliac disease. An enbodinent nmay relate to nethods of %§5%86coeliac
di sease, or susceptibility to coeliac disease, in an |n

conprising: a) contacting a sanple fromthe host with at Ieast one agent
selected fromi) a peptide conprising at |east one epitope conprising a
sequence selected fromthe group consd sting of. SEQ ID NOCS: 18-22, 31- 36,
39-44, and 46, and equivalents thereof; and ii) an anal ogue of i) which is
capabl e of being recognised by a T cell receptor that recognises i) and
which is not norlepresant B@enémfrlmpawiddscohnpofsiﬁmxgt‘dnolaiaﬂghﬂhamemi onal | y, in

addition to 2 6a se cte fromi) and ii),.

pepti de corrpttrolrgl IQQEE}M@F&] tgglﬁjs%%gﬁeepp cfl)mtm g%iﬁ P japiPody eRaRittie sel ect ed
from SEQ | D 3ges8:as ﬁefaﬁda‘libve whathbc)mmbmtlarmupnﬁbg ah Egeﬂﬂa‘s ddginvdwdbizer T cells in

t he sanpl e recog ecognition.hb T cells indicating that
the i ndividual ﬁ§§53%$?$§3§%g%38FW@? OPQOH%ﬁ%f '§“3W§@%%i?dfn yet anot her
aspect of t mesponesent agenhveedifingiubotenehieh domnppsiton cd@grisas ansatagdniséay  agent as
defined abovgsfor.the preparation of a diagnostic neans for use in a nethod
of di agnosing coéﬁlaé di sease, or susceptibility to coeliac disease, in an
i ndi vidual, said nethod conprising determ ning whether T cells of the

i ndi vidual recognise the agent, recognition by the T cells indicating that
the individual has, or is susceptible to, coeliac disease. I'n stil

anot her aspect of the present invention, there is provided a nethod or use
as defined above wherein the agent is an analogue (iii) which conprises (i)
or (ii) bound, to (a) an HLA nolecule, or (b) a fragnent of an HLA

nol ecul e capable of binding (i) or (ii). The present invention al so

provi des net hods of determ ning whether a conposition is capabl e of
causing coeliac disease conprising determ ning whether a protein capable
of being nodified by a transglutantinase to an ol i gopeptide sequence is
present in the conposition, the presence of the protein indicating that the
conposition is capable of causing coeliac disease. In yet another aspect of
the present invention, there is provided a nethod for identifying an

anal ogue as defi ned above, conprising determ ning whether a candi date
substance is recognised by a T cell receptor that recogni ses an epitope
conpri sing sequence as defined above, recognition of the substance
indicating that the substance is an analogue. In still another aspect of
the present invention, there is provided a nethod of diagnosing coeliac

di sease, or susceptibility to coeliac disease, in an individual conprising
determ ning the presence of an anti body that binds to an epitope of an



epi tope conpri sing sequence as defined above in a sanpl t
i ndividual, the presence of the antibody indicating tﬁgPL%#ﬁpﬁr%gpgidual
has, or is susceptible to, coeliac disease. |In another aspect of the
present invention, there is provided a nmethod of determ ning whether a
conposition is capable of causing coeliac disease conprising determning
whet her a protein capable of being nodified by a transgl utam nase to an
ol i gopepti de sequence as defined abovesis present in the conposition, the
presence of the protein indicating that the conposition is capable of
causi ng coeliac d&h@ﬂ@@mﬂgm@@@éhbﬂﬂﬁéﬂcﬁﬂmﬁgmﬂhpam@mw&m&nﬂ&ﬂmecﬁ t he

present inveRijQ i M= To =PRI ti gent in the
manuf act ur e g‘% aﬁbr?ggl_ca%{tﬁdp%?%&ré@ven H?Smg%eqﬁbrng%\t}iﬂ%hgiggnga gﬁiﬂgc di sease in
an i ndi vi duadefieddgnelgiod, whichaytant gliaddy proeincgmprsscepttatinerhich, coel i ac

di sease, whergin Sal dodifddiids 3! Hﬁ i.agnosed. either i) by a method
as defined g%gve;ﬂéor(’dlﬂlﬂ), 3})93 m |§a er@%&qggﬂgﬁgﬁ' chssa%ggreanaéd above and
det er m ni ng defingidwboveyyn e fingmentofgedhlagmitant leedin pnetein wbliakads avlesblyni se t he agent,
recognition - . i i&a;i that..t he individual has or is

suscepti bl e .?%m%%%d?%@é‘%}dg@%gg. Sgsqlﬁ‘?lg‘gtgtrll " i nvention al so provi des net hods
of identifying anTlwrraegdmventiomdlsoegprovides pblynuclebilidehithdt comprises maodigpi ses an agent

as defined a 1S ontactin candi date substance with the T
cel | and det ge%?nﬁa&%ﬁ%érﬂgﬁgm%%%ﬁ%ﬁ%ﬁ%g% Y% decrease in the ability
of the T cell to Tiegesgbinsentiamilioqpesvidep edislcorfiprising ppoigucledtide a® Decenber 2006
7 detecting @f. any, such decrease in said gbility indicating that the

subst ance i sgeg’fﬁw&g%v%&ro"m‘cz@?s ﬁ%%%%mﬁ‘ﬁvg‘ﬁtﬁébﬂu%° % provi des kits for
carrying out any Tie pidsent iedntiarhlsog@sides he@mak GxeexpRER d Bicligecdftorgent as
defi ned aboved% d a neans to detect the recognition of the peptide by the

T cell. In y&U°URE@RYE aspect of the present invention, there is provided

the agent or ant hgasth&tspa ofé hosk AN, Btreds phbidkd b RBodREUENCE aS
defi ned abov&a ant agoni st or

to.produce. an antibody specjfic to the agent,
wild type sed?j%‘ﬁségg.cog]h“gfsfaﬁ’O%tgﬁfff?fg’ﬂx%@@‘&“%”f%@aﬁf‘@g@ﬁfl invention, there
is provided campsgn®f a mnutation in an epitope of a gliadin protein, which
epitope is as def} ve, t decr.ease . the abilit f e gliadin
protein to cause %g%??t%gﬁ? |Sggﬁlggf)m‘eflheehogtrwe’g‘@ﬁgaﬁtWé’ﬁ?“??ﬁﬁ"“ﬁ‘% E?)mpr ovi des
met hods of identi fyi(ihgpatigroupmitingahleasn onesepitideesmjpiing b seqh@ke coel i ac di sease
conprising adm ni steghing g I . Sub . manmmal as defined
above whi ch has, or mﬁﬁgh@gﬂ%@g%ﬁsgﬁ&%%é,&@o%@izggnddi sease and
transglutammase-deamidated SEQ ID NOS:19-21, 31-36, 39-44, and 46,

and equivalents thereof; and

(i) an analogue of (i} which is capable of being recognised by a T cell
receptor that recognises the epitope of (i} and which is not more than 50
amino acids in length; and

(iii) optionally, in addition to the agent selected from (i) and (ii), a
peptide comprising at least one epitope comprising a sequence selected
from SEQ ID NOS: 1 and 2; and

(b) determining in vitro whether T cells in the sample recognise the agent;
recognition by the T cells indicating that the individuals has, or is susceptible to,
coeliac disease.

An embodiment may relate to methods of diagnosing coeliac disease, or
susceptibility to coeliac disease, in an individual comprising: a) contacting a sample
from the host with at least one agent selected from i) a peptide comprising at least
one epitope comprising a sequence selected from the group consisting of: SEQ ID
NOS:18-22, 31-36, 39-44, and 46, and equivalents thereof; and ii) an analogue of i)

. which is capable of being recognised by a T cell receptor that recognises i) and which

is not more than 50 amino acids in length; and iii) optionally, in addition to the agent



determ ni ng whet her substance prevents or treats coeli i sease. .0 the
mammal , the prevention or treatnent of coeliac di seas?? eba%r:aﬂggt hat the
substance is a therapeutic product In yet another aspect of the present
invention, there is provided a therapeutic product as identified in the
met hod as defined above for use in a_nethod of preventing or treating
coeliac di sease. The present i nventi 8h al so provi des processes for the
production of a protein encoded by a codi ng sequence as defined above

whi ch process, copprises;..a) cultivating, a cell described above under

condi ti ons tsﬁlﬁf‘e@%aﬁ?ﬂ&’ %B?B?%é’&“ﬁ‘?f‘"&fag{e?fé°neﬁP‘5’P§F‘?’i‘}p“é'ﬂ%laopt ionally b)
recovering tsagescepelossidobmpiig B NOS:Thsad 1) bl détermigy vh vind whkiéa Tpr ovi des

nmet hods of q [. ic plant.. cel onpri.sin ransformng a

pl ant cel vég%]ﬁhye\g%nﬁ%{eé%gé%gg%e? feea"gé’i%‘é“\‘/g %ﬁ:éf \?é“déi’am%r[%aﬁ@ﬁeni c pl ant

cel | . The priedigdal has\cefstsisseptibledo cprlion/distes. met hods of obtaining a

first-generation y, {LaRKKEe Npbot Bf B0 bre R TRYehfdnNBert RPRNRAS 1i2GFan L ransgeni c
plant cell transformed with a vector as described above to Ogl ve a

transgeni c g es deBnqdabeseiienthemparationpfFiseinsiictnssps orvse #ird Wethed| so provi des
met hods of QbhididebigcdlidRERERPLBcPIFRY to GERE IRQIYI SiinGvialtai ning a
transgeni c seed fr‘gm atr ans%gnlc I@nt 0 tg‘lsgab‘he as descri bed above. The
present i nv&Hf Psthodramprisipgdst g‘“Wéﬁﬁ T s efbeandivdy 5oeersh®eni ¢ progeny
pl ant conpr iagénfgecofHitunidly g ToceBLiaditing daahaihdividud hangdgenseptipleogeny pl ant
froma fi rst-gener tion transgenic plant obtainable by a nmethod as

Y

descri bed afd %ejhac alﬁeasef)pti onal 'y obtaining transgenic plants of one or nore
further generati dngilfanother atfieet of the presknjiavetian, there ipprodgded y nethadbr t hus

obtained. T r i y| i S . i | ant cells;
plants, pl a%?eésgéig%ggg%w%fﬁ%%}é%a%ngﬁ?g&gﬁ’ggeﬁﬁgwgﬂgﬁﬂgfﬁ%%(gp la‘t“ e net hods
descri bed atbownd; tofa)Be HéArealecglo 06 (b) g fifgracn plamdiliA meleaistcprableaf so provi des
transgeni c plapkLsH &GPl ant seeds conprising plant cells as described

above. The pr eseng invention al so provides transgenic plant cell calluses
conprising pl ant'bepiesest ipeniipagdse pratfesmeshels obdetspiaist @hethsm a t r ansgeni ¢

plant cel !, {hipaliadARepAil oftaushldlinc Bl cotiifithHotoBREE et 07 | NEC

above. In yet ar spect o he present tion, ere 1's provided a
pl ant or caiirblgin capsbléef bamecmoslifisd &y airanspluiaminase ta ansqligopeptideasquindei ned above.

is present in the compoesition, the presence of the protein indicating that the

composition is capable of causing coeliac disease.

In yet another aspect of the present invention, there is provided a method for
identifying an analogue as defined above, comprising determining whether a
candidate substance is recognised by a T cell receptor that recognises an epitope
comprising sequence as defined above, recognition of the substance indicating that
the substance is an analogue.

In still another aspect of the present invention, there is provided a method of
diagnosing coeliac disease, or susceptibility to coeliac disease, in an individual
comprising determining the presence of an antibody that binds to an epitope of an
epitope comprising sequence as defined above in a sample from the individual, the
presence of the antibody indicating that the individual has, or is susceptible to,
coeliac discase.

In another aspect of the present invention, there is provided a method of
determining whether a composition is capable of causing coeliac disease comprising
determining whether a protein capable of being modified by a transglutaminase to an
oligopeptide sequence as defined above is present in the composition, the presence of

the protein indicating that the composition is capable of causing cocliac disease.



In still another aspect of the present invention, there bﬁc épj%ﬁ? a crop
product obtai nable by a nethod as defi ned above. The prese |nven ion also
provi des net hods of obtaining a crop product conprising harvesting a crop
product froma plant according to any nethod described above and
optionally further processing the hawwested product. The present

i nvention-al so provides food that conprises a protein as defined above.

BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is illustrated by the

acconpanyi ng dr aviiRgkihedr Bspédd bfhie presehiGivetioh, tBOWPrdvIdeS ik of S0l at ed PBMC
(peri pheral bl ood rmnonulcll ear cell) | FNy EL] SPOT res%rnses (vertical axis

shows spot fBFREAYF agent od %W“%@repémfd‘?aﬁlemtf?rﬁﬁ%"ﬁ‘i‘t%8 H4%%e (tTO -treated
and untreat eﬁbeliheﬂiseadelnp@cHdwaiuélelagﬁbsaﬁphmi% didbeipf Bilsgeptiblon| ¢odiizag fi ve

chyrot ypet Rt e Pt e By AR BB ) ect 1,
initially i mboveemléby aimihistkring\eh agentas gefined rbof¢ ad deemtiningvemive hal | enged with

200g bread ELI SPOT
responses b;k@ﬂ §h% fgéls%hﬁgﬁdl?g}&%{?eg gmhg%\gé “‘llreg‘%‘*}“rﬁ“’g% E‘Mr;ool s 1-10

spanni ng théﬂ@@ﬁﬁg'@ﬂtéh%n‘bw%hﬁﬁ Om@tS@IPHbI@@ﬁPﬂ@C digraseday  bread chal | enge
(b). The horizont@akyp @a@nsm%ﬁaﬁaréa@y@l@éﬁ&ﬁomﬂaaﬁ?l@waﬁ 5Rdist Jragur e 2 shows
PBMC | FNy ELI SPOT responses to tTG treated peptide pool ~ 3 (spanning

A-gli adi n 51T8%}, vilijch T celhrepaspigercan 2geabasidgiined pliose semprishissentagtingar t i cal axi s
shows spot f oi g sethics wht tne 1AGI BRMetkctins Wnbhé tleubsinbfMisesd On on gl uten
free diet, challenged with bread for three days (days 1 to 3). The

hori zont al aSdCEassHB abilily f the fioel} to saderasria priigemivecitic rogpayse, /BMC | FNy El i spot
responses to tTGtreated overlapping 15ner peptides included in pool 3;
bars represent the nmean (f SEM response to individual peptides (10 g/ml)
in 6 Coeliac disease subjects on day 6 or 7(b). (In individual subjects,
ELI SPOT responses to peptides were calculated as a % of response elicited
by peptide 12 - as shown by the vertical axis.) 5 Decenber 2006 9 | Figure
3 shows PBMC | FNy ELI SPOT responses to tTG treated truncations of
A-gliadin.56-75 (0.1 pl4. Bars represent the nean (t SEM in 5 Coeliac

di sease subjects. an individual subjects, responses were cal culated as the
% of the maximal response elicited by any of the peptides tested) 5 Figure
4 shows how | he mnimal structure of the dom nant A-gliadin epitope was
mapped using tTGtreated 7-17mer A-gliadin peptides (0.1 pM including the
sequence, PQPQLPY (SEQ ID NO 4) (A-gliadin 62-68) (a), and the sane

pepti des :



without tTG treatnment but with the substitution Q *E65 a ine
represents PBMC | FNy ELI SPOT responses in each of thre‘iée%fc)egﬁeggo é|Ssease
subjects on day 6 t 0 or 7 after bread was ingested on days 1-3. (In

i ndi vi dual subjects, ELISPOT responses were calculated as a % of the
response elicited by the | 7ner, A-gl ilfadin 57- 73.) Figure 5 shows the am no
acids that were deam dated by tTG A-gliadin 56- 75 LQ.QPFPQPQLPYPQPQSFP
(SEQ I D NGO 0.1 s, incubated. wth tTG 15 (50 pglm) at 37C for 2
hou s. A si %ﬁe‘getmﬁro B%Sw\ﬁé‘geﬁsﬁléﬁ*i“i?%‘léﬂ‘"gﬁﬁf“ﬁgﬁ‘i‘af the gtpstprpe @Y er se phase HPLC.

Am no acid antagopsst-s al |l owed % deamidation (Q E) of each Gn residue in

A-gliadin 56-75 i : - cal cul at ed ertjcal axis).

Fi gure 6 shows jtﬁgelé ié%%ﬁ:’?@gﬁmggsg?ﬁﬁ%@?ﬁgﬂ@wq °r‘11¥. ﬁl-yé)ﬁﬁﬁﬂliehogr 73 at other |
posi ti ons i rdcgeaded fhowe ¢onpdese asigeny as deéndl/abevesind 4 GRRPQRELRYIROPQS (SEQ LD 20
NG 6) (E57, : SEQ I D NO 7) (E65,72),
EL@FP@ELP%%E%%@%%B&P@ GEI(%IS_‘@Z 65, . 72), and Q. QPFPQPELPYPQPQS ( SEQ
ID NO 2) (E65) i ndfradhegwrst sbthepressntdpventifs; é%ff:sw&}’fldefa%&ya@ﬂ‘cﬂf 7. after
bread was i I’hgﬁgér@asﬁ:l&ﬁﬁha)ﬁsovloﬁa M\(ﬁt&ﬁds@aiﬁknﬁ&ﬁ &fﬁgmzw&(fe% Q&)dltl\(;?@n F65 r 35 ponse.
25 Figure 7 sho that tTG treated. A-gljadin 56-75 (0.1 PM elicited I FN-g
ELI SPOT res Sg%gisqeﬁ‘gf %me@éﬁ[’t’ﬁﬁﬁg%ﬁéor%ﬁgﬁ&eisﬁquﬁgﬁd depl eted PBMC. (Bars
represent CD4 deph etilaiolRBNMpertas tho psast l_aﬁn_aorp/dlﬁife xscmmlite ![a lu?togﬁgl I\/[P:BNC

r esponses; : : cel |- Jolian e were. ,

Subj ect 4: fgtﬁlgﬁgag%%ljm@g?fag@g&%%ﬁgn%fh?%%qﬁ%éﬁﬁﬁ ?D‘foresponses (spot
form ng cel [dsares¢ the ahilitppiin) gliadin afotear to canseiymtidcaisease-t h nonocl onal anti bodi es
to | I LA-DR (L243)phe ; qn = . : . QL to

tTG treated 56- 7)511!_1(68}.9%1(.1[\1/9 _inﬂr%\xg%gg{l?gﬂé&%?oggé@ggﬁg?ﬁ?dégt@ﬁ%égfmzygous for
HLA DQ al * 05tharapeytie fpp ooeliaddivese mugDsiBEEETinisRiLgR @didatsEbiERcSoBecenber 2006

VD 03710427 3, RETAGRASH02450. Hlh b Bl i WU B cSHLERL QL PUDSL i LUt  ng

G u at position 65 for other amno acids I n the rnunodon nant epitope.

The verti cal d¥pmingydRBier Hbstysa rseyguherdreat codiiec digas ibflentsmalnthe el ation to
the. i munodopRaMa &%éﬁggoffohﬁ%ﬁeage ﬁglg%ﬁ HhEml SRMAQL gactivity of
natural |y occurring gliadin peptides mBasury ng responses from 3

subj ect s) whherppeghpradust. t he sequence PQLPY (SEQ ID NO 12) with (shaded)

and wit hout (cl ea?l_)yet dndtEGkebiBIhG ﬁ@gt ihﬁe’flﬁ&ﬂ? Biere ifr&Hde8 2 Hirapliges CD8, CDA4,
(37, and & _psrgcﬁlgtl as Ii&nt‘iggﬁnntg%gtgg als ?ieﬁngg above for use in a method of

preventing or treating coeliac disease.

The present invention also provides processes for the production of a protein
encoded by a coding sequence as defined above which process comprises: a)
cultivating a cell described above under conditions that allow the expression of the
protein; and optionally b) recovering the expressed protein.

The present invention also provides methods of obtaining a transgenic plant
cell comprising transforming a plant cell with a vector as described above to givea
transgenic plant cell.

The present invention also provides methods of obtaining a first-generation

~ transgenic plant comprising regenerating a transgenic plant cell transformed with a

vector as described above to give a transgenic plant.



depl etion of peripheral blood nononuclear cells fromt coelja bjects 6
days after commencing gluten challenge foll owed by i n}'%P?g?rg%er}gﬁﬁa

ELI Spot. A 10 gliadin 57-73 QE65 (25ncg/ M), tTGtreated

chynot rypsi n-digested gliadin (100 ntg/m) or PPD (10 ncg/m) were used as
antigen. Figure 11 shows the optimal 74 cell epitope length. Figure 12 shows
a conparison of A-gliadin 57-73 QE65 with other peptides 1in a dose '
response study. 15 Figure 13 shows a conparison of gliadin and A-gliadin
57-73 QE65 specific responses. Figure 14 shows the bioactivity of gliadin
pol ynor phi sms i n BE@rsw@t migpgpraltogprovides ggthads of shtziping aEnsgsoiwplipie” def i ni ng of

t he core epi tRAGHHRRHE 36iGininFh ; t I activity of
A-gliadin 57-73 (QE65 \g)ari an sgwsgﬁucégglu%bg?%%ﬁg%}g&éﬁﬁgg%g%i% in different
patient grouPEcrleigbave 29 shows bioactivity of prolam n honol ogues of
A-gliadin 57-73. THekWLE; -m, tm%ﬁ%’ j ects, the change
in IFN-gamma ELIS Igt rggg%ﬁseg_toové‘%éug@%%%te gl acﬁ%}rl]ippepti de pool s.

Fi gure 31 shBRESNYPHAt @BENRgObnNapcecosdispneation transpenic ragrge plant | FN- ganma. 25
ELI Spot, 1 €sPaoaasinkQerderGoftRAtARbAR bl by PRANAS R0 Zanc 0ur @ S2_ shows
i ndi vi dual peptide contributions to "summed’ gliadin pep?l € response.

Fi gure 33 sh#teptiongfly elsaningisansgepic plapts 8f englof wore @b, genprativesrfrazhal | enge

i nduced | FNyje RlebRgherhfa RRIZSESIAPHbsIBriRAM dat ed gliadin peptide pools. 30
Figure 34 shows, for coeliac HLA-DQ2/ 8 subject CO7, gluten challenge

i nduced | FNy ELI Shepreseatiprsntienlso provifes thmegenid akmtcbellyl plas, plagegtds de pool s. 5
Decenber 200 JReY: A -« Fi e 35 shows, for coeliac
HLA- DQB/ 7 su%jpé%%gi%;li& gl ﬁ%IEQ%gﬁ?%%ﬁg%ndg%gﬁagg@ ELI Spot responses to
t TG deami dated gliadin peptide pools. Figure 36 shows, for coeliac

HLA- DQ6/ 8 subject C 1, gluten challenge induced |FNy ELI Spot responses to
t TG deam dated gliadin peptide pools. 5 Detailed Description of the

I nvention The teen "coeliac disease'" enconpasses a spectrum of conditions
caused by varying degrees of gluten sensitivity, including a severe form
characterised by a flat small intestinal mucosa (hyperplastic villous
atrophy) and other fornms characterised 10 by m | der synptons.



The individual nentioned above (in the context of diag LS qr apy) is
human. They nmay have coeliac di sease (synptomatic or agaﬁﬁF3ﬁ§¥?@§éor be
suspected of having it. They may be on a gluten free diet. They may be in
an acute phase response (for exanple they may have coeliac di sease, but
have only ingested 15 gluten in the |gst 24 hours before which they had
been on a gluten free diet for 14 to 28 days). The individual may be

susceptible to coBkipsertlins@ris@alsEpioided Srao@R WloksGor paMSERPL I DI LTty
having rel atives with coeliac

(determ ned for exanple t.he i ndj vi dua

di sease or p8%@ﬁ§@$ﬂ€nﬁ@ﬁ%§dﬁﬁF ap%¥fse predi sposition to coeliac disease).

20 The agent The Tagpitbent vényipi A grivides REREIESanf Q1 cANAGR l'ength 7 to

50 am no aci ds ucgﬁa 0to 40#, or 15 fo ?(l)anam r?o aci!ggprﬁlngl engt h. SEQ
ol a5 dseppe

IDNO | is alge obtaigabiy frqnrmmegepivplaptagl], firpgegEdor D NO 3 i s
shown i n Tabplentlplansted 6r frb@npaqepmadanat. @ whole A-gliadin. The glutamate
.at position 4 of SEQ ID NO-1 (equivalent to position 9 of SEQID NO 2) is
generated by trandgtAnabeiasesst of the presenmveptionthereiigptpyided Eiplantigent  may be t he

pepti de repr eslesdsaefidey aledvhich INGF 4 spetiess dfindd bR, t OPE  conpri si ng sequence

that conprises S . r 1 whi is an.isol ated ol i gopeptide 30 derived
froma gliadin prEl(?tS!éllP?]";%gglfasﬁeﬁté%ltﬁl{l}eéfméﬂ‘t"e’ﬁ‘f’n’ theesis Prolidekafeds from a
nat ural |y ocrreduci abtpingble hyla methoddseefinedibosts i s a honol ogue of SEQ | D NO 3.

Thus the epitope : rivative of .the protein represented by SEQ ID
NG 3. Such a deriva |°\?§Ef“§"‘gsbélé°e‘§w‘8”é§esé‘t?8’8ds Wi3g @ 4597 sropest/ GRO3/ 02450 12
typically a ftoagisaghauméstinhecrgp pradiichiromn pantatdotdigdo aigrmataldi ve of the whol e
protein or f h fore.the epito f the invention does not

i ncl ude thisd%aﬁurQ#F§Im§%§ﬁ$$?ﬂﬁaﬁﬂﬁﬁﬁﬁﬂgﬁﬁgﬁﬁwﬁﬁ@F@Pﬁ; and does not

i ncl ude ot her mhdﬂﬁpnahﬂha@ﬁ@mﬂmmmuﬁmkmgﬂg&&@ﬂbﬂﬁmaﬁm&ﬂﬁm%@ﬁ&ﬂpe may t hus
be a fragnen og A-gliadin (e.g. SEQID NG 3), whic conprises the

sequence of 6‘ID NO 1, obtainable by treating (fully or partially) wth
transglutam nase, i.e. with 1, 2, 3 or nore glutam nes substituted to

may b or ey AL ACRPHON O SHEMkA B S et od by 10 post tions 55 fo 70,
58 to 73, 61 to The bfverbiofisliMshRdBoysthomBorgAnykarSvites id Whicgal | y  such
fragments will be.recogni sed by T cell 0. at Ieas% t he sanme extent that
the peptides r eﬁfgé‘?elr@%t‘ %@Fhlgl*—f@laf%%ﬁgq&ﬁph?aﬁ}l@dW@é@fg‘?ﬁe@@dﬂi n any of the
assays IFNy ELISPOT responses (vertical axis shows spot forming cells per 10° PBMC) to

transglutaminase (¥TG)-treated and untreated peptide pool 3 (each peptide 10 pg/ml)

mcluding five overlapping 15mers spanning A-gliadin 51-85 (see ’i‘able 1) and a-

chymotrypsin-digested gliadin (40 pg/ml) in coeliac disease Subject 1, initially in

remission following a gluten free diet then challenged with 200g bread daily for three

days from day 1 (a). PBMC IFNy ELISPOT responses by Subject 2 to tTG-treéted

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 iTG-treated peptide pool

3 (spanning A-gliadin 51-85) in 7 individual coeliac disease subjects (vertical axis

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 {TG-treated

overlapping 1Smer 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

7(b). (In individual subjects, ELISPOT responses to peptides were calculated asa %

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



descri bed herein using sanples from coeliac di sease patign ionally,
t he agent -may be the peptide regr esented by any of SEQ#E geémﬁ'%%%S 22,

31- 36,,,39 44, .and 46 or a protei zn conprising a sequence corresponding to
any of¢f EQ I'D NCS: 18-22, 31- 36,: 39-44, and 46 (such as fragnments of a
gli ad'r‘g bJCOITpI‘I sing any of SEQ I'D NOS: 18-22, 31-36, 39-44, and 46, for
exa after the gliadin has bgeen t r eateed vmth t ransgl ut am nase).

Bi oactive fragments of such sequences are also agents of the invention.
Sequences equi val ent FiggredihowsEBEEIFND ERISPRTSespiBesAt (TR freads] truBehtiéds and 46
or anal ogues of éﬂ]@?lﬁdﬁ%@qgﬂpﬁwrﬁm% eﬁ%%ﬁngisq@?s'&é’] ntdlsg In t he

case. where the e ope conprises a uence equlva

epi topes (i ncl udi g‘!ﬁﬂ%@)wﬁﬂ’%‘%ﬁmﬁq@’Pfegﬂﬂ&%iﬁ}%@rm‘t’nelf lthe(nmxgnalany of
the gliadin pr %@Ogsgembm%fﬁgﬁ@h@%% FW gliadi ns which cause coeliac
di sease)., such 25 equival enit Sequences V\”e correspond to a fragnent of a

gliadin protefn typi Egrrey shawsdgy s spinimat fr"*‘&FW"B‘iheﬁmnFW Angliadin epitope
transgl ut am nasewasohkphe dQﬁHgM@-@da Pﬂ%bﬂ@ﬁha@ﬁﬁeﬂﬁcT q ﬁm{ gm{m%al i gni ng

the sequences of other |Iadl &ﬁ gﬂ in from ich the
ori gi nal epi t ope™ ey BELQIETHE]ID R (Seebirdippies) ) and thesxprpspidagsi ng  any
of tlheblor og(r) aErs \nmuae&damaﬁbwvﬁﬂl%ﬁhmﬁﬁﬁwma@%?cﬁ !ﬁ@féﬁi%&efﬁ’tsal ! ]}'

avai | abl e e. e ro s a few exarrp es o

sui tabl e equi val%wémﬁreg%"ﬁ@é’we’%ﬁdl aGdiserse ety qn day 6

PCT/ GB03/ 02450 1R 7 aFlachrad end ingdsied bu days &0, @n ks sulsjeowBBisPeTof bei ng

recogni sed by a %Rnsgx\?&g%ﬂu gﬁgﬁm s/egl?ﬁI Qe onsegflcl%dlé%tﬂf ?fore neral Iy when

the-anal ogue is § in resenc , typically
also in the pres®nit of an antigen presenting cell (APC) (such as any of

the APCs mentioned Nfholmoi i Qi Satd:O Wabildatd B{&d %@&ﬁ;téson of (i)

or (ii), i.e. the analoque Is I'n such a

system The, anal®dddfed: QP‘BEP‘G)@ Qﬁﬁ%@q gﬂ@é&@rww@lmﬁmﬂj WieTFCR whi_ ch
recogni ses (i) QB0 (Lg/m))atﬁlﬁ@kbrhlh&db nﬂsﬁ@l@p@&x&@ﬁ:@&hﬁéﬂ Sl pREHRA @¥t echni ques.

Such TCRs can be |so been shown to recognise
(i) or (ii) (e. g’?""ﬁ%h %gr‘{;hgmfﬂgtaﬁg sisf] %Wﬁdr{vé‘?ﬂ%mn Qpefdgietdhat i on of
the "bi ndi ng of tdile resiiat Bueliatin 56178 a%leﬁ@ﬁ&thbﬂcﬂd&h%(ﬁﬁcd@b@j m ni ng
whet her the TCRs inth;ymteﬁt F‘F” epc fg{bsﬁu?% (z})n@ XY gﬁa&n g tance t hat

: ant i & ~anal'¢g are

bi nds the anal ogue, v the
anal ogue is boumﬂisﬁlensaneqdwstq(w tmllélwb @GE’FQQPHLWM ($EQﬁmch an

Io?hl( Ibl) t |O;)n( :)IEO) bLMJgP?SQ%)aQLQﬂ@Q Eﬂt‘?ﬁd)ﬂ»ﬁs &BG 18R HYHE Anhi bits the binding
ELQPFPQPELPYPQPES (SEQ 1 No: 8) (BS7, 65, 72), and _
QLQPFPQPELPYPQPQS (sEQ ID NO:2) (E65) in three Coeliac disease subjects on
day 6 or 7 after bread was ingfested on days 1-3. Vertical axis shows % of the E65

Tesponse. '

25 Tigure 7 shows that ¢TG treated A-gliadin 5675 (0.1 yM) clicited IFN-g
ELISPOT responses in (a) Cli)4 and CD8 magnetic bead depleted PBMC. (Bars
represent CD4 depleted PBlVfC responses as a % of CD8 depleted PBMC responses;
spot forming cells per mllhon CD8 depleted PBMC were: Subject 4: 29, and Subject
6: 535) [{3)] PBMC Ny ELISPOT responses (spot forming celis/million PBMC)

30  after incubation with monoclonal antibodies to BLA-DR. (1.243), -DQ (L2) and -DP
(B7.21) (10 pg/mi) 1h prior to tTG-treated 56-75 0.1 M) in two coeliac disease

subjects homozygous for HLA.—DQ al*0501, b1¥0201,
i

RECTIFIED SHEET (RULE 91) IPEA/EP



the amount of (i) or (ii) which can bind the TCR in the5 res %8%
anal ogue is decreased. This is because the anal ogue is %‘feén d the
TCR and therefore conpetes with (i) or (ii) for binding to the TCR T
cells for use in the above binding experinments can be isolated from

pati ent WO 03@04273t h coel i ac di sease, for exanple w th PheGRdIN2e50 t he net hod
of the invention. O her binding characteristics of the anal ogue may al so.
be the sane as (i) or (ii), and thusiotypically the anal ogue binds to the
same MHC cl ass 11 cule to_ which the peptide binds (HLA-DQ or -DQ8B).
The anal ogue typllf:‘&‘frf' SlBiWﬁH?eff‘E?tOféHIESPE‘GEH@akm@épﬁﬁﬁoﬁ@erﬁmélt)or (ii), and

t hus i nhi bi t gcibd Iﬁaieﬂﬁmeﬁod(mhazﬁépl{o )Th%%ﬁéh%}u%% I:) e anal ogue is
tide. It may have honvol og yplcally at

typically a
| east 70% hoBrﬁ\Bﬂ"g%tfmW@P’éWd‘EﬂW“P’@@%W%@PG 90% 95% 97% or 99% honol ogy
with (i) or (ii),Fif§9eheasBkenBMbdleadivh &?Qfﬂﬁﬂr&g{( oﬁhmlng?lﬁhm}éptﬁgg e (such as

the entire length of the analo ue_an across the region

whi ch contac B HREBRIPRER fiom Jrvhiers) f”ﬁ@hmll@l ¢ eauaned) PASHPERSAS ani no

aci ds. Met hot®: mjwmwweamdwmom@:c&)mﬁ%m@amas%ea%ﬁl' known in the art and
it will be understood t hose of skil Decenber 2006 WO 03/104273
PCT/ GBO3/ 02450 1 lg%r“nlq aws1ps, ?Pé{ﬁuaﬂdﬁfm@pqg%mmmmwhead homol ogy i s

cal cul at ed o8egldtion bEyetighen blmlﬁ&onﬁﬁh&ellﬁ%{w&o&ﬁ@ %&t?@& geferred to as
"hard honol ogy"”). For_ exanple UWGECG Package provides tRe BESTFIT

program whi ¢ erﬁ%m‘fi’émﬁ§]é‘ﬁ?nflﬁﬂﬁn.§|3 &}P‘é{%bm@iﬁ@r@wm{nﬁ@ﬁlsemml e used on its

def aul t set t Eind/)57573 (JPBY €I588Ym ttTéltr Qt;@é’iﬂ,)n T earch 12,
p387-395). The PI LEUP angZr B%/A t§0r| t hmcsﬂ}&léb‘g Stél?fs:éélgtﬁng%gal cul ate

honol ogy or PF#EeprER ffatread "(’f’cf%‘/‘ﬁF #lapfigenon their default settings), for

exanpl e as deSC”F‘i},ﬁdallrhhﬁ/sttﬁéﬂjbbﬂnalsfceﬁeplfo%gl%% pJ Ml Evol 36:290-300;
Al'tschul, S, F et al (1990) J M) Biol 3-10. Software for perform ng

BLAST anal yses i S84l SE?V%%P@%@%%E@B@WW RE65 with axet paptidds Cent er for

Bi ot echnol ogMaIdaéﬁégﬁaﬁsbgmpn the world wi de web thr ough the internet at,
for exanpl e, W\N\%{ nchi. nhn. ni h.govP' . This algorithminvol ves first

i dent i fyiig hi gh FS8B BiiersagompmEieonesEliadinagpdyglipin SH&EHQBGypevificshor t wor ds of
Iength Wi nebagsegiuer y sequence that either match or satisfy some

posi tive-val ued %hreshol d score T when aligned with a word of the sane
length in a dat ab8® 4é ﬁl?é"oaqm’l%ofl&laﬂlép@lﬂﬂ@ﬂmmM@ehw@ubjeltsghbour hood

vord scor e t hr esiphusbs (496 By 8 defhing SHAY o ool ued 1 181 NET ghbour hood

word hits act as_seeds for initiati ng searc HSPs cont ai ni ng
them The word hifts8mea blogk showdfarpepristbeity of A-gliadinorig3 Qlshyarsaish sequence

for as fag as t h@1gﬁiﬁé@2@|sWSYé%p<ﬁlsésm&Ent§%ﬁtegr&@Q be increased. Extensions
for the Figure 29 shows bicagtivity of prolamin homologues of A-gliadin 57-73.
Figure 30 shows, for healthy HLA-DQ2 subjects, the change in IFN-gamima
ELISpot responses to tTG-deamidated gliadin peptide pools.
Figure 31 shows, for coetiac HLA-DQ?2 subjects, the change in IFN—gamma
25 ELISpot responses io tTG-deamidated gliadin peptide pools.
Figure 32 shows individual peptide contributions to “summed” gliadin
peptide response. |
' Figure 33 shows, for coeliac HLA-DQ?2/8 subject C08, gluten challenge
induced [FNy ELISpot responses to tTG-deamidated gliadin peptide pools.
30 Figure 34 shows, for coeliac HLA-DQ2/8 subject C07, gluten challenge
induced [FNy ELISpot responses to tTG-deamidated gliadin peptide poolé.



word hits in each direction are halted when: the cunul bve Ii%ﬁgnt score
falls off 20 by the quantity X fromits maxi mum achi eved vaEEr

currul ative score goes to zero or below, due to the accunul ation of one or
nore negative-scoring residue alignnments; or the end of either sequence is
reachedwoOli3goBAST al gorithm paraneters W T and X detraypos/mst he
sensitivity and speed of the alignnent. The BLAST program uses as defaults
a word length (W of 11, the BLOSUMb2;;scoring 25 matrix (see Heni koff and
Heni kof f (1992) Proc. Natl. Acad. Sci. USA 89: 10915- 10919) alignments (B)
of 50, expectati ofigyr&}s dibwa Gor cddtiss HNSDO8aNdbject Colyphltensidllef both strands.
The BLAST al ' r -stical, anal.ysis.of the simlarity

bet ween two g@gﬁéﬁ@ﬁﬁ%@é%ﬁ@? Eﬂzﬁc{eﬁmgﬁﬁﬁﬁ%gﬁ?ﬁﬁh I(”T%QS) Proc. Natl .
Acad. Sci. 30 USHz@036 6878 {6 ?&Hac ihe-DUsSsuljet 011, glutenkmatledgg provi ded by the

BLAST al gorit ' he I r obabi | i.t P(. ... Whi ch provides an
i ndi cation o%ﬁpahelg%%r 0 Ig@?lﬁﬁ%ééeﬁgoﬂgﬁg @g‘?@lﬁcﬁn%&%ﬂht wo nucl eoti de or
am no aci d sequences 5 Decenber 2006 WD 03/104273 PCT/ GB03/ 02450 15 woul d

occur by cha I sequence is considered simlar to another
sequence i f hgilgd:rg{srtgé@g%{ﬁiﬁhg‘feon lﬂgatlloi lity in conparison of the first

sequence to the Betwnicabguense’ dinsohpesss 4 pamumbdiinditionspaeterabl y | ess than

about 0.1, S..t han .about 0.01,  and nost eferably | ess

t han about gg %i&ﬁgﬁﬁgﬁg%@%\g@ mﬁglgltngaéevgﬁgcinﬁl@haé%c%l“%ﬁ’é’él Y differ from

(i) or (ii) byallintefinal3qucoss (hyBsrplgstic 7illods atophypard ofhief fatrisabSadispéch may be

substi tut,ioon?),?ﬂgér% Q‘Q& or insertions). These nutations may be neasured
e re

across any o Ions mentioned above in relation to calcul ating
honol ogy. The sub¥&e individugimgntoned ghoed ér thbtoptexd diagiovia bl tu@apy) isThese are

~defined accoydi.ng al i,bng Table. Am no acids. in the sanme bl ock 10
in the seco’nh‘glltl:agl Eﬁn% 1%a%§;a‘%rc8%h§¥“g;ﬁ i ‘?Yﬁll%?%&“%&fﬁéw?ﬁq?{%a ¥rhe third col um
may be subs#ispegted df Hawing @atley atah be on AGHEH-HEEIdEL Nihidy Py Bd inaffdte | LV Pol ar -

onchar ed € L AR, (5 o6 960 o AEMERRLT © HEE W'Y vl 1y
aci ds in 1§i ) gloen {nithe) lagt Plahoussdaford whidhahdyhadbaaslbmgglitaerddd: rpliggul € or are
responsi bl e ié)iays).
The individual may be susceptible to coeliac disease, such as a genetic
- susceptibility (determined for example by the iﬁdividual having relatives with coeliac
disease or possessing genes which cause predisposition to coeliac diseaée).
20
The agent
The agent 1s typically a peptide, for exaﬁlple of length 7 to 50 amino acids,
such as 10 to 40, or 15 t0 30 'amino acids in length.
SEQ ID NO:1 is PQPELPY. SEQID NO:2is 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 1D NO:2)
- is generated by transglutaminase treatment of A-gliadin.
The agent may be the peptide représented by SEQ ID NO:1 or2 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
- oceurring 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



the recognition by the TCR are the sane or are conserved, Tvpi y the
anal ogue peptide conprises one or nore nodifications, ﬁiﬁ%‘”M%%?B@% nat ur al
post-translation nodifications or artificial nodifications. The

modi fication may provide a chemical noiety (typically by substitution of a
20 hydr w@enitoe7ig. of a C-H bond), such as an ami no, @ceigBos/odsedr oxy or

hal ogen (e.g. fluorine) group or carbohydrate group. Typically the

nodi fication is present on the N or @ term nus. The anal ogue may conpri se
one or nore non-natural am no acids, for exanple amno acids with a side
chai n di f f er Sfttcaliy pfmansnt et de ghating or samitated defvibee efitrewhoR(0Gein WO 03/ 104273
PCT/ GBO3/ 02490Qe &, fHRRAGTEMb Yoit - I ] aci il have an N
termnus and/or a C terﬁ?%ué??&Qﬁggﬁgﬁ@ﬁégéggPﬁgﬁgﬁgm%%|aﬁ&aybe an L- or a
D- ani no aci fccurring whals ishairerretsipiand idey ndt aslude sthapédwlesitmelly f | exi bi l ity or

el ectroni c gQRfdng@Yliflson that is substantially simlar to (i) or (ii). It
is typically a derivative of 5 (i) or (ii). In one enbodi nent the anal ogue
is a fusién prot eita cpipppragibngpentfesnelobhebadof (e SEEQ ID WNO3) which 2, or any of
Lhe other pebingies AEALLANSASASNONDY, Al bRt SoggRTe. 0 one
enmbodi nent. thelgnalogu%eis.ofﬁ%?ﬁygg’ | m%%% P?thgghﬁﬁﬁP%HQG@HC class |
mol ecul e. ~ 2, WHh trapsgiptapinese, isf wilub R, tompiregiasmmeysubsitdisoglitamgies or bound to
each 10 ot hggoudR inEBRken ¥ai; Btk n/ streptavidin based system in
whi ch typicaﬁfvlfg 3 or 4I§?0@F£§?gggwﬁé3 MHC nol ecul es bind to a

streptavi di n noi Sugh frapmients manbary trey incipd haselqyentas pkesentedibe  bi ndi ng. of t he
(1) or (ij)/ fold B 7615 T ] t.i i.ch is specific
for the conp esx.O_The ar]’aﬁ_gogﬁg&"ﬁé??%#c Iy&'gﬁhog%tlg%%‘\gplyp%a ragment of an
anti body, su#h Gezments 5l Feascognised iz B)cellsfte sigenstribe safib extamthioipue . nay be

i mobi |'i sed QRy:@sSQkd [ [ rl.y .an analogue that mmcs-
pepti de bouﬁ%ﬂfpSéghﬁggﬁgpggngyv ébﬁﬁé%% uéﬁf%a f%#ggfﬁﬁ desi gned by
conput at i onaflessrbaghberein usingsemplessyont toekic disehseipitiags. met hods known in the art.
Al ternatively the jangh® ramaa, lib of conpounds.
The library may be a corgrbqﬁena‘gtglgfnlgg}m@?%eﬁgéegrg%%’z’ "35‘8?’8%@%@ i brary, such as
a phage d?spNQéil&ﬁ%r?Jér?’ﬁz39144£aaﬂﬂi46)plaarfy0’cciﬁc@nmi&ingns@umg/cduespoﬂmy essed in the
di spl ay Iibr@rx.&@ﬂqygﬁ A4 el o,a MAC cl ass.l|. nol ecul e,
such as HLA-Dé@(qr - _@%ﬁ%?%éﬁgéggﬁggégﬂ%é%TP§§%%F%&$%H¥$ mthe library
based on t hetompagng i SEQ B NDE: 18433 3bi36dH9rg, aid 46, dfateganydd dfiesthéi ) or (ii).

ThUS ey Mg SELAGLEA AR5k, okt Rl [GR O antbody whi ch

recogni ses

D

sequences are also agents of the invention. Sequences equivalent to any of SEQ ID
20 NOGS:18-22, 31-36, 39-44, and 46 or analogues of these sequences are also agents of
the invention. |
In the case where the epitope comprises a sequence equivalent to the above
epitopes (including fragments) from another gliadin protein (e.g. any of the gliadin
proteins mentioned herein or any gliadins which cause coeliac disease), such
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 gliadir from
‘which the original epitope derives, such as with SEQ ID NO:3 (for exampie 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.



Typically anal ogues will be recognised by T cells to at anme
extent as any of the agents (i) or (ii), for exanple aﬁb%%iﬁst{etrtigofhe sane

extent as the equivalent epitope and preferably to the sane extent as the
peptide represented by SEQ ID NGO 2, is recognised in any of the assays
descri bew daaeein, typically using T 30 cells from coetir@agosiigmase patients.
Anal ogues may be recognised to these extents in vivo and thus may be able
to induce coeliac disease synptons tojat | east the same 5 Decenber 2006 WO
03/ 104273 PCT/ GB03/ 02450 17 extent as any of the agents nentioned herein
(e.g. in a human Patagenthicl is aminalabue i) of bAngt-oguRe syayigg i dentified in a
nmet hod conpr i, s} A 1 ni.ng-whet her a_ candj date substance is recogni sed
by a T cell Ir“@%:gg?cg% St%%@tor fi 'c%ﬁﬁ%%fsge“ﬁﬁﬂ-‘éﬁ% gpeue s aflded 9 yent i on,
recogni ti on eflstinte pudssteard Geori(iijdiypiadliynto ifthd prée sEdsh@ee 1S an anal ogue.
Such TCRs ma . TCRs tioned herejin, and nay be present on T
cell's. Any séfepeglgﬁ%%ggé%@%ﬁﬁﬁsia%ﬁ# I?P“E%Tﬁgh%e@sgﬁa%g‘iedenti fy the
anal ogue. 5| nichibits twrixocnition bf @k if) ikt thoghaioguetedlid © Goréte with (b 0.  AS
ment i oned a@g\{ne &ggf gtrred anal ogues are recognised to at [east the sane

p

extent as th es|5t|dS 70' SEQ ID NO 2, and so the nethod may be used to
i denti fy anal oguéthewtnlaghe m#yche onewhichnis sgeblt Of Hikdi rRXE@WnicH N one enbodi nent.

t he nmethod c Y eLm. i ng whet her candi date substance is able to
inhibit the %E*S%‘%ﬁ% @iogﬁﬁ'o$ {Hélﬁmg% ?aBSEEBth W“H%@?M‘BFF; SpeniCHist i on  of
ecogni {1 o FMdecat otz idisubsiangonh o ngand) i e, agent
(i), (ii) orﬁl%l |e§]§g. .Iyepl#‘%gmn} It)%nﬁ%ﬁ%%fiﬂfe‘ijbﬂfﬂ“’éﬁﬁgi’ paloguedptieopes of t he
invention (oFCRgpaniizhewivnanddtagies)vibhermaiElsenent hdbihddioate such as any of
the ‘species [i of .or..types of gliadin _nentioned herein. Preferred
conposi ti onsan%%gl\r{?ghr)figébg% e fhgébsl?dgﬁ’ﬁé‘mg?ﬁ“?’&ﬁeawwqqétqtPF\PéHP%n, or equi val ent
anal ogue, f:rGypially thefnatogee i2Bougd foadiags] NS @bEculdTe. AMLAODOHNE siRReEC es or

vari ety ”E”tinolﬂjﬁ%ﬁ@ne&f%i B O from2, 3, 4 or nore of the species nentioned
herein (such as tromthe panar of species consisting of wheat, rye,

barl ey, o¢ats and Typicdly dmlasdlogud hidits thdein@GEsTIG) BRI 08 TORNGMALBAL OF

Mvent on mal GABEELRS G BrtabipgBE TR Toke pevaraed temmom d Che. agent or
on the det ecteimamsed Thiatittetrmeh thsanhlbgie is HRAOBIAE B8 TEREn®W&H The T cel I's that
recogni se t hc%m%gcgsn\;[vithi (5 o} Hﬁforr’rgltncrl}ggto(thvemli'&? includes the use
T cells for use in the above binding experiments can be isolated from patients
20 with coeliac disease, for example with the aid of the method of the inventiomn.
Other binding characteristics of the analogue may also. be the same as (D or
(i1), and thus typically the analogue binds to the same MHC class I 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 (1) or (i1),
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 tile region which contacts the
3¢ 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



30 nentioned above) are generally T cells that have be re-s itised in
vivo to gliadin. As nentioned above such anti gen-expeﬁq%%?glpﬁaﬁﬁls have
been found to be present in the peripheral blood. 5 Decenber 2006 WO
03/104273 PCT/ GB03/02450 18 1In the nethod the T cells can be contacted

w th theoeaggaekys n vitro or in vivo, and determ ni ngppieigdssatohe T cells
recogni se the agent can be perforned in vitro or in vivo. Thus the
invention provides the agent for use,,n a nmethod of diagnosis practiced on
the human body. Different agents are provided for sinultaneous, 5 separate

or sequent i ajn thest thdd inSheS fesBnt¥B®@ domdIdgy is Baldilated On R bRAGDF hdinb Y pi cal | y
carried out in, agqueous sol ut){.ﬁon i nt‘;e{1 \ggll ch the agent is added. The
sol ution wi | feidideRyd Hefeped t9 ag dpddiomgla® ) n certain  enbodi ments t he

APCs di scussed -bgbospmpld e UVEGOG Peckideaedvidadite BESTISEftofi@h&hith | ncl udes
addi ng the particul ar t he ?ol ut i Det er mi nati on of

ubst ance t on. 1
whet her the %% EP?"'gt"rCé@P}@*ﬁﬁl &?Wé&éa’@ﬂ? ‘*l"éedg’éﬁéii%ﬁ“ﬁ)?em%konpl i shed by
det ectingsa @hades o & (1938) Micatccal Rbde- 1% pbd7s95)N ThéeLBURseNce of the
agent or deteyrmn ning. . whet hgr the T gells %lnd t he agent. The change in '
state is geheral 1§ AR tﬁf?laﬁ ° Rpelaey PEhne Ui RSYRIE ity of the T
cel | dafEer t&ﬂﬁé‘i‘ﬂ%faupismggs); fweﬁﬁ@llétas deffiBe€ MANGSIE. F.S(P%ts'@:rmy b;% rreasuredd
inside (e.g._c [ I ptrace r.expression of proteins) or outside
(e.g. det ectF%g‘%?g%@@r‘é{sgﬂﬂéuﬁ%’t“éhg@fI‘f"ﬂﬁ’@aﬁ@@?'i%. The change in state
of the T cell magotheart foep&forhing BLAST adali6d:@anBlidyavaibel@ibh t&f a substance
fromthe T cel]l, suchr as_a cytokin especi al | FN-y, 1L-2 or TNF-a.

) | . y, |
Det er mi ndf i otietenal Ceper fr Rigfe @?‘P@Hﬂﬁ%gmﬁa? P’?@El?"&r%(q, IOV aPEgdhe The subst ance
can t20 t)épit ﬁﬁ’cehhét DFoREBNE, teﬁwb%cﬁlnhﬂiﬁih.@&;ﬁ.':Tgﬁsfaléaﬁﬂﬂﬂfiﬁx%hgs ﬁﬂgt_eCi fic binding
agent an en . nmeasuring the prese .1 he specific bjnding
agent/ subst aﬂ%‘@lﬁewhe“ﬁ‘?m?ﬁ%lue‘gﬁgﬁ &%ﬁs)&/ ifntHynaemhvords ok lenth a1 |y an
anti body, suptinas qRey) ¥GhaRathat GliheFRRGE bRy soRbbbsiREvAGed thsdhblaodi es to
cyt oki nes are c%m*rer cj. al I%; avai | apl e, or usi hg standard

i

; can be made .
techni ques. S&eHypicR aiangd Vifer ¥psde W?iaﬂﬁlw@ﬁh@a%&éﬁ?sqqge%%ﬁi lised on a

sol i d suppor feferréd {085 the hdihbEMRSI WIEEschiS iRéshaRdisiial PLNshplferead | d support
can optional ]y be washed to renove material, which is not specifically

bound to t hemiigiiehboppaodwerd hitsaghasseads for indiging searchsslp BE HgBt ect ed by using a

second bi ndi QgagRMent MAE wiidlbits 2b BEerddBEin b0 TR aibiPiaRdehYente second
agent binds the substance at a site which js different 30 fromthe site

whi ch bi nds 1ore firep the cupisive aligmmend seqs @n gy breesed Exfeasiae #5188 an ant i body
and is | abel ygd i if 8fch liecbn droRitE@FhdnY thD YunP1S0S AGHAG: RoledhBlosr

20 by the quantity X from its maxinmun 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 BLOSUMG2 scoring

25 matrix (see Henikoff and Henikoff (1992) Proc. Nail. Acad. Sci. USA 89: 10915-
10919) alignments (B) of 50, expectation (E) of 10, M=5, N=4, and a com;iarispn of
both strands.

The BLAST algorithm performs a statistical analysis of the similarity -
between two sequences, see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci.

30 USA 90: 5873-5787. One measure of similarity provided by the BLAST algorithm

- is the smallest sum probability (P(N)), which provides an indication of the

probability by which a match between two nucleotide or amino acid sequences -



5 Decenber 2006 WD 03/104273 PCT/ GB03/02450 19 Thus tg15%cs r; O@@ent may
be detected by a third agent that is typically [|abelled 7 ect y or
indirectly by a detectable | abel. For exanple the second agent nay
conprise a biotin noiety, allowi ng detection by a third agent which

conpri s®O &1L eptavidin noi ety and typically al kal IPREGBABRBIat ase as a
detectable |l abel. 5 In one enbodi nent the detection systemwhich is used is
t he ex-vivo ELISPOT assay described isn WO 98/23960. In that assay |IFNy
secreted fromthe T cell is bound by a first IFN-y specific antibody that
i s inmobil i sé@uldmcar bpthabes Byprarmple, 2 Fqeenbois nehsidfibd gimila t¢ dnetherdet ect ed usi ng

a second | FNyy g I W t h etectabl e

| abel . Such a u%eﬁﬂxégﬁgﬁﬁ%&%can %{e]c g%%nal naﬁheffr%%qfﬁm CH ( St ockhol m
Sweden) . O hégcogfbeausnenis bSSIﬂéﬁB@b@t Wpreddrablyaless hen alsetl. mere miéfaehlpsed bel ow.
The change-i g, sured may be the increase
in the upt akéS&t(l)1 a%o sototz;%ggm ?Hf?%‘r‘m%%%?ﬁa&%t as the uptake of

t hym di ne.5 The chﬂﬁé}emolpgﬂuspméeﬂmalygllbetmmﬂwmffwﬁ@e@)cnr(il)Haa 1s2, Ze of the T
cells, or prgl4 n | surface

mar kers on the’ %‘ef 3P ﬁ&egfughgﬁﬁéﬁ%l&%l%@ﬁsﬁﬂs m&%ﬁglﬁ%g%o i oggl s detected by
measuri ng thé"h@haqugéonsmayweeasmd aoeast 4oy ofihe B?gpnmmhonmdmﬁovpnnt eins, - for
exanpl e the iQgGLeRASSI) I f.a f,the cytokl nes
ment i oned above1 %ugﬁﬂgh %g%lgi?&ullg%% ggfsgga%igrgfgﬁgxg %’e{% ﬁ‘)ed by contacting
t he insi de -offhashare Fefined dccoiiding tegthgviollestiyg Tdbht Almmmmds meh2Bmeblpekessed prot ei ns
in a specjfig MBARSH he T cells by flow
cytometry. In one&glm‘))g1 rrentp%vl\tﬂgdl}%:e%&?lﬁé e %ﬁﬁtﬁhémjéﬁeyne is bound to an
MHC cl ass | Bubﬁtﬁm@ﬁqr@d@@f#gl cally HLA- DQ2 or -D@®B), 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 al so
bi nd an MHC |rol ecul e. General [y the T cells whijch are contacted |in the

nmet hod are t[pREXEAIEM the ingiNeraelal in a bl 0o 4&npl e, al though ot her
types of sanples which contain T cells can be Liie\g The sanpl elmay be

added directjy to the assay olr—fey—be—processed Fst—Rpi-cal-Hy the
processing.nmpy conprise dil uti mglaofukheegdanpl e d 9ryexanpl e 30 Vul th water
or buffer. pically the sanple is diluted frofi I"5 To 100 foldjf for
exanple 2 to/ 50 or 5 to 10 fold._5 Decenber 2008¥ QWD 03/104273
PCT/ GB03/ 0240 20 Polar - charged . DE
KR
ARCMATIC HFWY

Typically the amino acids in the analogu'e at the equivalent positions to amino
15 acids i (i) or (ii) that contribute to binding the MHC molecule or are responsible for
the recognition by the TCR, are the same or are conserved.

Typically the analogue peptide comprises one or more modifications, which
may be natural posi-translation modifications or artificial modifications. The
modification may provide a chemical moiety (typically by substitution of a

20 hydrogen, e.g. ofa C-H bond), such as an amino, acetyl, hydroxy or halogen (e.g.
fluorine) group or carbohydrate group. Typmally 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.



The processing may conprise separation of conponents of
Typi cal ly nononucl ear cells (MCs) are separated fromt hsebés}géﬁgqaeg]sébsq'he MCs

will conprise the T cells and APCs. Thus in the nmethod the APCs present in
the separated MCs can present the peptide to the T cells. In another
enbodi nB3NRId T 5 cells, such as only CD4 T cells, PEEABE2HAri fied from
the sanple. PBMCs, MCs and T cells can be separated fromthe sanple using
techni ques known in the art, such as jgthose described in Lalvani et al
(1997) J. Exp. Med. 186, p859-865. In one enbodinment, the T cells used in

t he assay  ar @enerllyylike dfopmptunt amiongeidoci $sedn O terchidus ¢rdthr 8 Engpinems. or are
freshly isol L in the.formaof 10 freshly isolated MCs
or PBMCs) mﬁgﬁn‘%@gﬁ%@;@%ﬁﬁ%ﬁy a%% c(fia\?/)d,mfn.oél?ld‘t hey are not cultured

bef ore bei ng usedhE maldgee imptdilp das aFhaps, sizacllefibiigt drsletimmiz not been

restimul ated_ | . [y ec] f.] G ner..in.vitrq. However .the T cells
can be cul tcﬂdrnfei%&%g? (%aggglgbé%&%ﬂdgﬁ%npleo i(IH' ?[ ﬁsetyﬁd?aeggﬁecng 6‘% Ofone or nore of
t he agents, @ (i)gdnaranbydimins e enalpgenio s Susipn pivtein ompnadigitieg cyt oki nes.
‘During cul tug] . jcal L.y pr nt.on the surface of
APCs, such agseq%%%é %868@2\} ;ﬁr)\r %grggirgftth%{giﬁ% rt]é?isé]b ?%F(lg l'rlleéen%iﬁ "the T cells may
| ead to an imorgbadiesdgrenchie sensitivity of the method. 7 Thus the T cells

xamplo as. descr fba el P SReoept B AbLaA TR BTMRGHRS® 10 apc

that i s typiRaolegulpridehir moe dflseshratpiods naybdresotinedotboemdsaeaek 20 i ndi vi dual

as the T cel |, or ] i ff t .. The APC. e.a.natural ly
occurri ndEA eg,rfoé%%l? Fﬁ%“l bg{u%&é%m%nebai\%éy Slteén a4 ce lﬁq”ﬂl‘hﬂé ilai 3sorcapabl e of
presenting 4 hetipepdldMHCondecilectsnd to a biteptasidinypoictal Thys analigueel | ,. dendritic
Cel L O ot RNt kBB HABRE LS LA DEagop, saml e v the
present in Msbaly vABMBsspecTindoARCople®5 typically a freshly isolated ex vivo
cell or..a cultured |l b kn. t he .for a..cell line, such as a
~short termor. i rrﬁrg? %gioigléeel%l&glg% ?5' aﬁlgnr?lg(.’dy rgﬁwﬁrr%n%&%’?@sssm ?r‘e‘paty VHC cl ass
1 nol ecu$ esFabrr (Rab); fregnieat &he bmiogiremaydt osloldlived ar 2 solid suppati, f f er ent) agents

maybe used. Typigally the cel.l s rived,fr th anpl e can be pl aced
into an assa%/a}lt\ffg\’nu)t%ﬁy?{ al{gﬁug-ﬁgégﬁ’fms”\?\ﬁf ghov’gmﬁﬁﬂc@%ﬂl&nded to test or the T
cell's can be di vilteghahge iptypicaly designed eqpatpaihionsissaysenéthe of which contain
The i nvent | W1 BRBUNHESS VRES SR AOROKE SBYBREIE of any of the
agent s nent i ssleeted frem e librafye! gompbinels. helibragtmagbs a afmbhg®ritidibahi wh are present
Isgqhgﬁ t] g‘f nEagtgslpEaléfglgraa ; gurtl;{l asd 2 51ggesd?s%gy ﬁg)rgr\jlfe)l“hef lﬁg‘rar? !:: coln%(%,lrﬁgsorggy bséepar ate or

: - gxpressed in the display library in the form of being bound to a MHC class II

molecule, such as HLA-DQ2 ot -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{i).

Typically analogues will be recognised by T cells to at least the same extent
- as any of the agents (i) or (if), for example at least {o 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



for in vivo use). 5 In one enbodi nent agent per se is aﬁﬂgg béy to an
assay conprising T cells and APCs. As di scussed above ceI and APCs
in such an assay could be in the formof MCs. \Wen agents that can be
recognised by the T cell without the need for presentation by APCs are
used t hwo 03R@R73ar e not requi red. Anal ogues which m RCTGBHE2450 gi nal (i) or
(i1) bound to a WHC nol ecul e are an exanple of such 10 an agent. In one
enbodi nent the agent is provided to the APC in the absence of the T cell.
The APC is then provided to the T cell, typically after being allowed to
present thesxigemtnost thelagemsmdntioed hekbie (¢ pia mampsgiett avaninpden t aken up

i nsi de the AP%R nd presented, or sinply be taken up onto the surface

wi t hout ent ePf g inside the APC. 15 The duration for which the agent is
contacted with thﬁalﬁg@ﬂhhﬁbeﬁehﬁﬁedmymetﬂmmﬂﬁshgdeﬂamtiiﬁagwmﬂimd used for

det er m ni ng nition of the , preferably
5x105 to 106“'5‘%%%3 Qﬁ'taémelaaﬁ %nfse‘{)bégc#] §ec tgr a%ref%l%lsesgelglg)ﬁ%gfre agent is
added di rsactﬂlwmtz@nbﬁ;@ca@stmyofﬂlssubmemﬂmamgdmtth&ubstamm i#@r 1 to 103gg/ M,

preferably 0.5 0 e | engt h of tlrre
for which tH&? gL%?e }I%Qfa?’ri%ma% %lgltog% %@snm?’ﬁgmg}ﬂ%ﬁﬁ %nd}{m fom 4 to 24 hours,
preferably Qgrba@ntbﬁThemsr &nyb?ﬁtebieamamn&wﬁhamnaﬁmseﬂto1Bramfy theen found t hat
i S B e L S R R T B A
done. 25 by dnaa@mhmgahd’n@uknamimgmsﬂdtmhéeaagiersamﬁmemmﬂﬁpc}ﬁidbs (this can be
Typt ca 190 7 SB4HENGRY e Sh i BobReme e SRR 2P RLy B RES on hie

bi ndi ng, forrea»gﬁmdlteﬂmsmg a FACS machine. The presence of T cells that
~recogni se the ag to occ th n of cells
"sorted using the?’h‘aigﬁ?l ?démeélf)%vgln}g(’d'cof}’ﬁ)we%?ﬁemé]fnﬁ “%eéfﬁa%?‘rade%%ency of antigen
30 experi enC@dsta'Ec@ﬁIaiblstonﬁlulgeneenaaigiuyonloﬂan epifofc dfthelinvenmtioh(shibiiod t her ef ore
whet her, or n t he. STol: g%l I SyaLe antlg experienced T cells can be
determi ned. % "BeERHBY ‘%ﬁ’b‘% B S, ”@@1‘?@5@3/ 02450 22 The

determ nation of Th&@entmggmapmmm @inpﬁhm adpen, HYO 6r126 agéntsekl s may be
measured in VO, L.ca s.adm ni st er the host and t hen
a response %ﬁﬁf“@ﬂ’ -&g’ﬁ )c%h(l&i ﬁYB‘S“%}Qﬂ%‘i"Bﬂ"S&)PﬂP?{@“&“@Téﬁ OPPPa ﬂ‘Se neasur ed.. The
?gent :IS tyghmtlé?(oragMImthM) fmtsmdﬁtﬁmnt;gﬁhm:;s, mchae[amdag“nhm!clilh ThE agentdi s
ypically adninistere cont.acti ng. wi e .out si de e skin, an
may be ret ai WEGSAY YEHR © g%{rttgjeﬁfﬁgﬁf ‘fﬁ’élel%oﬂedd’fmm f?lfegg'% %Ormp(gsrlg%’fsesm ng.

Al t er nat i vel gonipHe: shfzesdbnerepyopb of theliniventisd, or sgoiviishi nemghe frors ull bf the

20 gliadins present in any of the species or variety mentioned herein, or from 2, 3, 4 or

©more of the species mentioned herein (such as from the panel of species consisting of
“wheat, rye, barley,- oats and triticale). Thus, the agent may be monovalent or

multivalent.

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 p;e—.sensitised in vivp to
- gliadin. As mentioned above such antigen-experienced T cells have been found to be

present in the peripheral blood.



by injection, but can also be adm nistered by other net
ballistics (e.g. the ballistics techniques which have %@%ﬁenﬁos%ggoﬁbz del i ver

nucl ei ¢ acids). EPA- 0693119 describes techniques that can typically be
used to adm nister the agent. 10 Typically from0.001 to 1000 g, for

exanpl ewo@mQ701 to 100 g or 0.1 to 10 pg of agent PCI/GRAMAI0St ered. | n
one enbodi nent a product can be adm nistered which is capable of providing
the agent in vivo. Thus a pol ynucl eotjide capabl e of expressing the agent
can be admnistered, typically in any of the ways descri bed above for the
15 adni ni strati onn 6k riehod g Erblls cdik Pathatdduathent-sele il &at by, has any of the
characteristics, of the %l%r]#gje ti de .provi ded hy 'gmhﬂe i pvention which is

di scussed b@d&ﬁewgﬁ'g the d gl freegusdherae it PanvE PHBIIFLAR 80T de i n vi vo.
Typi cal |y fr 9iivoD TRQIhd ived D Qraride e agxtaviseint h2hod offlaghesis100 pg or 0.1 to

10 of polynucleotjide i dmini stered. 20 Recognition of the agent
adml\?]'i st ePedgﬁaﬁ“’? %“b%%ﬂa@mﬁfyﬁf?%?nr 3ESRR P PAYIded BUSIPHENeOB cur r ence of

i nf | ammat is ONsdp@rag or defbfiAicOmsucies gkthetra or oedemn) at the site of

adm ni strati on. is i.s gener.all. asuy ed. by vi sual. exam nation of the
e The et hod "B PG RoR S el SR o e BRI R e, body ¢ hat
bi nds the agendisided. Yk ealitloy wilbdlsd cofipiid thelTyeelqBidaa bdrah @ sanpl e from the

i ndi vi dual (such. as, any . of anpl es nentioned here, optionally
processed i nTAMR* ﬁﬁ?ﬂéﬁw"ﬁﬁégaﬁ@ ﬁ?ﬁ%ct’rﬁwpﬂ% a%ﬂé?@& “T4hd det er i ni ng
whet her ‘an aﬁlbh&md&diﬁxg‘thélbheﬁcﬁlafmiﬁmnbétBGifszllilﬁ)n. agentl,JI such a b: ndi ngOI

i ndi cating that the individua S IS susceptible tq coeliac i sease.
Any sui t_dﬁl e f_or#%?‘Fenﬁlflatlﬂ“ﬁg%ﬁ’a‘eéggEﬁg{‘?ﬁ?"%ﬂ&égﬁm’éﬁ‘éﬁm ¥ any such fornmat
ment i oned heiRbdplis@ by detdipy a ShahRGetb Shite 2ORET cMOMAR ¢ 3 MET/ GB03/ 02450

23 The identification.of the ] odom, nant epi t ope.and ot her epitopes
descri bed hef&&nhfr TtTW&VH@F‘%E%%@Sg‘F @Eéﬁegt'f@%@gﬁﬁ’cf@t%i ch target the T

cell's whi chgmeenonuse b Eﬂt@erﬁsp&ctﬂmﬁmﬁmﬁéﬁty@ie{hlﬂcbleizf&gﬂle rreaf vvhidch |

participate jn the i ne response ai nst i.,adin). These findings al so
all ow t he pr@?‘&ﬁ{‘]‘?a@ﬂﬂo %ﬁﬂg&a rls ey, n’é’ﬁs&eflg[@dﬁgsgeég@geﬂﬁ suppressi ng (by
t ol eri satis onjtrgRIlB4itekire@ivn 6 proteits} bl outside $0 B&& tibDoftshRet@inbeRess) . Certain
agents of the [nvention bind the TCR that recognises the epitope of the

invention (a e 1ee8ur ed usi ng any of the binding assays di scussed above) and
-cause. tol eri sati qne eHangcli®stdte 68thd T bdNatay Gathe b8 oft i @ickedd in SBUkfonagent s,

optionally in . .
- a substance from the T cell, such as a cytokine, especially IFN-y, IL-2 or TNF-t.

Determination of IFN-y secretion is particularly preferred. The substance can

(

20 - typically be detected by allowing it to bind to a specific binding agent and then
measuring the presence of the specific binding agent/substance complex. The
. specific binding ragent is typically an antibody, such as polyclonal or monoclonal
antibodies. Antibodies to cytokines are commercially available, or can be made .
using standard techmiques.
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 agentféubstance
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 - froﬁ the site W]Ji.(:h binds the first agent. The second agent is preferably an antibody
and is labelled directly or indirectly by a detectable label.



10 association with a carrier, can therefore be used tq%Brev N Qhet Feat
coeliac disease. Cenerally tolerisation can be caused ¢ <& pepti des
which can (after being recognised by the TCR) cause antigen specific
functional activity of the T cell (such as any such activity mentioned

her ei n, waxig/aoRecr et i on of cytokines). Such agents causeBbad2en sati on when
they are presented to the i mMmune systemin- a 15 "tolerising context.
Tolerisation leads to a decrease in tjge recognition of a T cell or antibody
epi tope by the immune system In the case of a T cell epitope this can be
caused by the defgi ihekecorid agdne may 5 de@cted byla thied 4genttlasds typREBONI se t he

epi tope. Thu ]| act.ivit f.or as neasured | n suitable assays
ment i oned heﬁ%%ﬁ§ﬁwﬁﬂ¥@gﬁﬁﬁgéﬂpﬁdﬁﬁﬁﬁégggbﬁ@Bﬁ@mP H§eserat®ey. Tol eri sati on
of an anti boshyy s@gitienskotimanay, hetingdetletind s 26igd :g#h0 which @mpigeei fic anti body
bresent| ho. aRFPBEAE e RO ARG B RRrs st fFe BV EMTioxt are  Known and
are descrisbed f orn excdifbbéimieit théaisiBitIA syetemabhichGh dsed is kg@w0d . 25 | nunopat hol .
R
rout es of adaa‘nln'w&mwpmsmmepaameaﬁtfbb@rﬂ]aadﬁnmmliisad@haﬁcﬁic{@ﬁp@gﬁ. gasal or .
i ntraperiton .~ Tolerisation nmay al so CCO i shed via.dendritic cells
and”tetranerEﬁﬂFﬁg%ﬁhﬁHéﬁm%ﬁﬁ?Fﬁ5%%§§?¥?gﬁﬁgy“Bagﬁﬁﬁg?yﬂ%P K cause
tol eri sati onlabald béth adekcpibRildele Guéher 1ghellddinabod) candopBaindd fdm t hat al so
such as. o9t o HERR sl el e pess B B S b B e, oY L 10y
Products or aigreddpaywbe adm nistered at a dose that causes tolerisation. 5
Decenber 2006 03/ 104273 PCT/ 3/ 02450 24 he | nyention, provides a
protein that co § gﬁn§%ﬁﬁgﬁ%§ggﬁ&3° o (ot “ﬁﬁbﬂéﬁFgﬁﬁﬁF%t of the T
celtl (whi tch ﬂieﬁﬁhlfe df@.ﬂ}@t@f&bb 'sslss:&hd -tdh&H?@a{Hs)the u%dﬁ&bfm{ﬁﬁcﬁii@%e&g@gSUCh -
ant agonj.sts can al sq be. used., reyent or treat coeljac disease. e
ant agoni st witoPte T e gn it dfiedred ¢ . crarqitsrepoHERr SR Spne. |
$nbodlpen5, ia%m@ﬂhﬁﬂﬁﬂﬁ&iﬂﬁﬂﬂﬂSHR@QGaLTgR of the Tdce}I (general l'y IP t he
ormof a conplex wt - r- .but i npstead. of causi ng norma
f uncti onal activi?@ﬁﬁm@gh@ﬁﬁ egﬁmgﬁﬁﬁg%gﬁg%vﬁﬁghnw¥¥qggﬂw @® t hrough the
gCR-i ntr 30;3_' iha?@ﬁbeﬂhlgxtrabr!eétsm@ of SGt6iRg €or eﬂﬁiﬁehh@i@%t&@&inﬁﬁtﬁcefﬁ;;ﬁﬁ” ]Eo haV_et
ecreased functiogn agctivity (e.g. in response to recognition of an epitope,
“typically ase’ﬁl?ﬁﬁé%‘tﬂ‘ga%gfﬂé?ﬁ%tgg‘ﬂ%f%?ﬁ‘f“@eg@%? TP TSHEETAEPEF MR 10 I n one

enbodi ment  t ieleRble@BPEYnBEHGHERRIIE S Wb T BIPPRE ORSetl hatiim@id bonponent of MHC

rocessi ng and presentation t hway, such as an MHC nol ecul e
P 29 exprer)seg proterinstm a specri)i?c marmg{' and which allows sorting of the T cells by

flow cytometry.

In one embodiment when binding the TCR the agent is bound to an MHC
class IT molecule {typically HLA-DQ?2 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 exampile

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



(typically HLA-DQ@ or -D@®). Thus the antagoni st may bi HLAbeD%O@r -
(and thus be a peptide presented by this MHC nol ecul e), SUCH BS pept i de TP
(Tabl e 10) or a honol ogue thereof. 15 Methods of causing antagoni sm are
known in the art. In one enbodi nent the antagonist is a honol ogue of the
epi t opeswomnbizaned above and may have any of the sequeieBes/ndindi ng or

ot her properties of the agent (particularly anal ogues). The antagonists
typically differ fromany of the above epitopes (which are capabl e of
causing a nornmal antigen specific function in the T cell) by 1, 2, 3, 4 or
more 20 nut at i onsTeqmeshssing nmhmliprimagcpdwioaoﬁm@bﬂehﬁsbftbafsa@hserti on or

deletion). S t te ed nds" or "APL"
in the art. #ﬁgml té(?llgl%igémgl}se ft ate &% ﬁgohgi\ﬂ(és 'g@m tions that
contact the 'F@RDHS?H@TemeyéﬁP@& Ttwndleﬁlfeémdﬂmaﬁmmeﬁmmepe by a

Fepresent e By ML S ERUEES L W LS B Mot et A on st s are
shown i n TFablcellspjuch ﬂsmb’CMélf@Habmbemhﬂﬂdrﬁoangample IPROIGs, BiGbsdd t uti on at the
equi val ent ofy o%ﬁ?dah'bgé‘épegélted 1‘1?0?1'&% fa%ie f=ly ftergegglg%%éwf e{?}a%ttét tl on is 64w

67W 67Mor 65T. Since th 51 tope of the
i nvention in thkose dqs%dwd/mdlalaﬁm e ﬁ@?@eﬂ-’é@aﬂ@d Wrﬂstméﬁw one ant agoni st nmay

need to be adm ni BLAs hathey e FRUBS.AN ATRN ST Tk 5 of the Tesponse
. erero

whi ch have different _ re the an ma be adm nistered in
-a conposi t i ormmpiesid exshipied sepleator dre feshly, isolted T&eﬁu(swbamweffeﬁmﬂﬂnt

ant agoni sf;s, 1886 ' nt . T _cel Decenber 2006 WO
081 100073 pch U 48 gg&grgﬁg’%eﬁiﬁﬁ@e’%{’ﬁ%%g“e&?ye"”’“’?o\?i RNt hod of

i dentifying. avitiagdtbafyorticng uesfl ingheTmethdd. 'I‘lu(sm‘vhﬂhiallsrkam@nbﬁes the agent),
conprising ¢ S and detecting
whet her the g%g%&lgﬁggaggﬁgg%bg&ﬁ grgaﬁlg%s’ge g nelfl%“éetv%rﬁh ﬁhle%eys GF ?he Tcell to
under go an antllhlg@riw@{ﬁe@m fqr@xampbpmﬂns erefacqpf opesirmyreenfjhe aghintspbide  assay

menti oned 5 f y decr ase.in sagid ability

i ndi cating .t E&feﬁﬁlﬂ)ﬂso ng& ﬁ:ﬁ) ng&lngg?téla%eﬁl During Culiiiy %thg age 8@ rre Nt the
ant agoni stbs . @ieripliaaby ]Frgselﬁ(miﬂlemafacm@liﬁs aci agimnﬁ?ﬁhsedmthemaﬂmdh cul ar
epi t ope) or I n nti bod ol er.j.sin ents are present
in a corrp05| ?&Ocﬁlft%rgf %chéﬁrrc&f%‘ ay% (gto%néncreasex%trh%?en%\?tg g‘#?f"‘ Unr]s sts or agents
which 1 o aniThepdhd "E@llﬁwanfo@bcmwrsé1rttajcet1|11i1¢sesuelm5 skl terepeR link (fohe i nventi on,

for exanmple {0 t ) ssed above in relation to
t he agents W%l ﬂgaﬁg&gﬁgghﬁ% ugta?(cl%r%ﬁ?’gr%ag%gi thclﬁan one substance. Testing
whet-her a conposithe mﬁCnsttE@p&ﬁﬂ)@rﬂéntmamsmagom@lue&@mdhmse

; 20 individual as the T cell or from a different host. The APC may be a naturally

- oceurring APC or an artificial APC. The APC is a cell that is capable of presenting
the peptide to a T cell. Tt is typically a B cell, dendritic cell or macrophage. It is
typically separated from the same sample as the T cell and is typically co-purified

. with the T cell. Thus the APC may be present in MCs or PBMCs; The APC is
25  typically a f:eslﬂy 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 IT 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.



15 As nentioned above the invention provides a method qf Q&%ﬁkﬁb@@?g

whet her a conposition is capable of causing coeliac d|sease conpri si ng
detecting the presence of a protein sequence which is capable of being
nodi fied by a transglutam nase to as sequence conprising the agent or

epi t opewnrostitee73i nventi on (such transgl utam nase act per/Gpomaysobe a hunman
intestinal transglutam nase activity). 20 Typically this is performed by
using a binding assay in which a noigty which binds to the sequence in a
specific manner is contacted with the conposition and the formation of
sequence/ noi ety qqxemvemoﬁﬂs@kﬁbxe@e&eﬁa@dﬁds&tﬁ@dﬁato@rﬂlseefa@iomthEhe presence of

t he agent. Such a npi may b suita t ance type of
Substance)  HERE RERISHERD 2 GrerbEa i s Y USROS Bt | body.  Any
sui t abl e f or e@iposifionipem didelisitd aBSE)AYr siilaidOus bRhid G Uefiedial dsbege ment.i oned
herein). In gne enbodi nent, the conposition is contacted with at |east 2,
5, 10 or noiE O di es which are specific for epitopes of the i nvent i on
fromdifferent ghb@ctnmadxmémag@tg@w iCadded@Rely t0in amylcgﬁﬁlsmg'rcap?bl e of
recogni sing-t co ti.ons e i t.opes ussed above in relation to
agen?s of ?h@ﬂ ﬁ%%ﬁ?ﬁ %‘ ?%%d ¢ etF@@ﬁﬁfAﬁéﬁnﬂﬁ ﬁﬁwﬁﬂlﬁ@?e t han one
subst ance, Thﬁ?&iﬁgfp&ﬂ%@d. Gﬁﬂ@&i@dn@&ﬂxaltt) ?ﬁnmné);ébdig'nﬁaﬁbyrmet'e&:llaﬁlth&gﬂm a pl ?Pt t hat
expresses a i.adi capa of _causi coel i ac di sease (for,
exgrrpl e any 8%“?%8‘%%‘#8?‘?(@%@5’& 1 AZG & RS ER HPEIBCT) GBO3/ 02450 26
or plants nephicemesc e bagiml (i) SUB)botmite s MHC HslyliR ate flefiplqadkich such as a
harvested product (e.g. seed). The material nay be processed products of

the plant®maf®¥3 (e.g. any such product nmentioned herein), such as a
flour or food thaﬁoxeembadleeﬁﬂiefa@ntigbioaida}d*tothmecplmeetsssﬂcegftﬁéﬂood mat eri al

and testing i | e bindj.n sSsa i S routi.ne exanpl e as

ment i oned in® eﬁr iﬁ‘?(‘%rg &fthe}} pr°|’:'§id8‘?‘i9ﬁ?eﬁ?%maﬁh?ﬁeﬁ‘t’enigfm‘f 2PEFM 1998) .

Bi ndi ng assaps agEhamdetsﬁfaﬂa Mk ipeflidOhayiandicagiaatupeside BWPTWad subst ances
menti oned herein nﬁé be. done b%ﬁnﬁ%iurln a charag %féiC'Of ei ther or
bot h substanE@?n?%ﬁfm@ R taken 1R 9819 tis; spdAoe, 1th U%Wm&%m§‘§§ '0scopi ¢ change.
- The bi ndiBg .assayrhé @rieh foreshich eheagendR Behtftel With the k@il Tit's 1 nvol ves

det erm ni ng whet her. theeﬁéssenge of one substance (such as.a, candi date

‘subst ance) ~ Sdiess tsmehef ysed dordpfermiprg e rogutiopro fh?@ereﬂdﬁe’l?ypscalbétance duri ng

gel el eC-tropmértcem"q);ef&aalﬁheo?tenmfmwm@edeet&@efpﬁ&aytm\ﬂecbsendl ng net hod
whi ch deternlg t he one substance is &ﬂg to inh |t t he bi ndi ng
of the other¥ %@Wﬁ%@dﬁd&ﬂaﬁb’é@@ﬁﬂssawlcewemeuwa 15 giRBhe of her

subst ance, Spefaradly 03 t6 PRE/liof 1 ANbjPady.
20 Typically the length of time for which the T cells are incubated with the agent

. is from 4 to 24 hours, preferably 6 to 16 hours. When using ex vivo PBMCs it has
been found that O.3x106 PBMCs can be incubated in 10p.g/ml of peptide for 12 hours '
at37°C. © |

‘The determination of the recognition of the agent by the T cells may be done
25 - by measuring the binding of the agent to the T cells {this can be carried out using any
suitable binding assay format discussed herein). Typically T cells which bind the
- agent can be sorted based on this binding, for example using a FACS machine. The
presence of T cells that recognise the agent will be deemed to occur if the frequency
" of cells sorted using the agent is above a “control” value. The frequency of anﬁgen—
30 - experienced T cells is generally 1 in 10° to 1 in 10°, and therefore whether or not the

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



Mutant gliadin proteins 20 The invention provides a gli in
whi ch an epitope sequence of the invention, or sequenc%ﬂj\a/é%m%npgggé]b

nodi fied by a transgl utam nase to provide such a sequence has been mnut at ed
so that it no | onger causes, or is recognised by, a T cell response that
recogni sasostie7epi tope. In this context the termreceogncBinndiwefers to the
TCR binding the epitope in such a way that normal (not antagonistic)
antigen 25 specific functional activigy of the T cell occurs. . Methods of
identifying equivalent epitopes in ot er gliadins are discussed above. The

wild type of the Tfliblﬂaéxﬁﬂuaﬁ&tdﬁdieﬁecb@utﬁﬂ@fﬁ@h@ﬁﬂ?%ﬂ&ﬁﬂl@@@HeaC di sease. Such
a gliadin may have hono exanple to the degree

menti oned abBEUEL # ) ZE(WWHY thg a@ﬁ‘é‘s %ﬂ%’lﬁfﬁfﬁ%? thedyogjgad ‘QWMBSIPO@EQ ID NO 3 or

across 30 15whi3RindBkes r&&@n@dm of 4 aEeRithiyOieMbtsutll] mﬁbafgsxit@b&yﬁd‘auySEQ D NO 3.
Li kewi se, for_ ather l'iadj ns, honol o e.present between the

mut ant and tF@“‘W&tF’ie@@trF‘%F?ﬁngf’wpf @%allblT@&EW?‘SW@aW%? Wf ot her natural
gliadin peot &in&ﬁh@ﬁﬁtbﬁﬁ%ﬂeﬁfﬂ@m@ﬁﬁdm@b%ﬁ@@ﬁh@@t@%&iﬂ@m@& 104273

PCT/ GB03/ 02450, 27 ted gliadin will not, cause coeliac di sease or
will cause deBFUHSE ess%’ﬁn%? V%f the geaptmgy BF@@% eg%&ﬁ‘*@%l“‘ﬂ‘af he nutation

decr eases t hgy iafebtidn] bt € alshBe ad@iiist@gitby tothet MEINGHE sih ds Kaltlstics (£ IOO nse. The

nmut at ed epit y- eased binding to HLA:

decr eased ab&ggﬁgg? %@mﬂﬁégﬁﬁgﬂﬁiﬁ?“gﬂﬁﬂgﬁwﬁﬂwﬂm%mﬂggﬁ%%%ed ablllty to
bind to or t@sobelYdeaEBRIGREES the cafBipitlly Batde@RRISRRE fik Ggehtinct i onal
activity) by T_cg%&s bggt r&fogq%se tge agent. The nutated gljadin or
epi t ope W1 1 TYRREY Ep8 RGP0 for expmpie g 004 ildRine Poh! IPHO #B0E of the assays
ment i oned heiggitis ddminitébdt i on to the diagnostic aspects of the invention.
The nutation nay be on% r nore deleklons, addi ti.ons or substitutions of
iolength 1 to 3Inoneegbediunents produst cay be adgunisfered Wiely 18.apabl% He epi t ope, for

exanpl e acr ogGvidifethd eftatin Hi&) T Nidufbotiac sQ83 FRYpr&bin geld NOS: 18- 22,
31-36, 39-44 nd 468%mgr across %%U|valents thereof referably the nutant

gliadin has %W%F@EQW 1t in gy otithg wappdesaiberbabews ottty | D NO 1.7 A preferred

mut ation ks éh'fmuﬂﬂﬁltlbﬂéf%e@l@edt mmpelbﬁlﬁlébtmeq@%u}lmsmo@w val ent position in
other gliadins). Typic y. the naturally occurrin lutam ne at this

posi tion is YaBeEd ﬁ%&etpalyaﬁiﬁow Popridedy thpinymfiorsw squisedrapl e 3,

preferably tidw. Stuk dianeis e}&de’sﬁﬂlfrﬂiﬁ,thetpE)MﬂIc%ﬁ'&r}n vz{ld’ SFyBEaIIyWOQJ ine, or
argi nine. The invention thus als ﬁhOVIdeS use a mutation (such any of

t he mut ati on%00% t?ll%qwg’cff’wﬁﬁépl%@%% @éoﬁil%@!&slstédio Kegfgplmucietiden epi t ope of a
gliadi n protghdiminiéliegh epitope is an epitope of the invention, to decrease

t he ab|I|ty of the gliadin protein to 20 cause coeliac- dj sease.
: Recognition of the agent administered to the skin is typically indicated by the

- occurrence of inflammation (e.g. induration, erythema or oedema) at the site of
administration. This is generally measured by visual examination of the site.
The method of diagnosis based on the detection of an antibody that binds the
. agent is typically carried out by contacting a sample from the individual (such as any
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
Therapy



In one enbodi nent the nutated sequence is able to act i st.
Thus the invention provides a protein that conprises aqiggﬁﬁﬂ%eéﬁggch i's
able to bind:- to a T cell receptor, which T cell receptor recogni ses an
agent of the invention, and which sequence is able to cause antagoni sm of
a T cel wadabszziarries such a T cell 25 receptor. Thercmvesndi2esm al so

provi des proteins which are fragnents of the above mutant gliadin
proteins, which are at |east 15 amn 3acids | ong (e.g. at.least 30, 60,
100, 150, 200, or 250 ami no acids |ong) and which conprise the nutations
di scussed above TwhidedifieReh 6RKSmRBBRiaht 1t<52>f=>aﬁcﬂ%e9éﬁ:t€;§éb“ to be

recogni sed. Any of the mutant 30 proteins (including fragments) mentioned

herein may afesGibpkheginalions ﬂ"Fﬁ%PeE‘WéPIPQ}‘P%tQ)‘?e maglg ghightapgeigheel 688s for exanpl e

with other gkhigfheftBnid midepipO@ikndl deRticheRhtRidh Participdasis @gber 2006 WO
03/ 104273 PCT/ GB03/02450 28 The equi valent wild type protein to the

nut ated gl i dEFERORREEOBTeReRst glipdink éqhﬁ? findingsalsg allovatlie PrAVEEILT nonocot yI edon,

such as as pl @atmeaf orO6NEGdiskhde b %Fﬂessﬁrggby eataﬁs%ﬁ@n) af ¥ebodRf T 61 oats or
triticale. The protein.is typically an'a, aj3, p, y of cu gliadin. The

gliadin may IB%’O%J‘%@I@?H“&RFK% 5 Kits The invention also provides a kit for

carrying out thec@i@eﬁﬂ@m@&%ﬁm@hﬁlﬁbﬁ}ﬂ%ﬁmm&&o?&‘%ﬁ% cﬁptl onally a
nmeans to detect the recognition of the_ agent by ce Typically the

di fferent adbhiprentipnlapmepsirerusiogapy ofitheindingassays disguprd abave) 3611 10 sequenti al

use. Typi caldayselidi@isiRa0RShE O cHh® 64rridQROTIH. tSu@E‘a%ﬁtL QWonAly i@l ds detection
based on the techniques di scussed above. Thus the neans may al |l ow detection

of a subdt arfewcislienaiafarir, pmdheriors by used toppeupnt pireaigaelior diseaseThe kit may t hus

addi tional l'y i nchegdens wieestioh b tbeneidg HRERE Ye ﬁ&ewhfcmn%ﬂwance such as
an anti body. The noi et |s t pically specific: fp The 15 noiety is

N-y.
typically i rhFBEFYePEERd qa‘&eéq}}ﬁ%?mclﬁwp@oﬂﬁémﬁﬁﬁﬁﬁTéqeiler bi ndi ng the

noi ety the supg am@ucwa&dmf £BRiofkdi HaretnNE g \tb G dtidh Bf/cyfatmésblesulh cel I which
secreted it. Thus ""spots" of- sub stance%rml ety conplex are forned on the

support, eaci§edpatse tolefptioa atien they ase presgeipd tO\Fhﬂl@W“il@Y%%ﬁﬂét i'ng the substance.

Quant i fyllfng iMgismpPsextand typically conparing against a control, allows
determ nation of fecognition of the 20 agent. The kit may al so conprise a

means to detect Folensaunmdeadsieafemsiaeyiy theaerpenition of AT erbkasanthbdie change may
occur in thepiaNes} heihmelsyRhd. %th@bﬂ%f%&éil%ﬁdﬁ@%ﬁs%ﬁ&ﬁ‘eca@sﬁ&?y as a col our

change. Alternatively a second noiety directly or indirectly |abelled for
the deletion or anergising of T cells that recogpise the epitope. Thus T cell activity

(for example as measured in suitable assays mentioned herein) in response to the
20  epitope is decreased. Tolerisation of an antibody response means that a decreased
.- amount of specific antibody to the epitope is produced when the epifope 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. im:mmol.
25 Immunopathol. 82, 207-215 (1997), Thurau et al. Clin. Exp. Immunol. 109, 370-6
- (1997), and Weiner et al. Res. Immuno], 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-8 or IL-10).

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



detection may be allowed to bind the substance/ noiety %O@%| ex t? @{/I ow t he
25 determ nation of the spots. As discussed above the s b 8 may be
specific for the substance, but binds a different site on the substance
than the first noiety. The inmmobilised support nmay be a plate with wells,
such aswamienm itre plate. Each assay can theref or echeBemiusoed out in a
separate well in the plate. The kit may additionally conprise nedium for
the T cells, detection noieties 30 g washing buffers to be used in the
detection steps. The kit nmay additionally conprise reagents suitable for
t he separati on f ribaiivéigios pioplie,a piasethatS oinpiisesSEP@icAdelablb to @f asRBMCs or T cel | s
fromthe sanple. .The kit . designed to allqw.detectiqn of 5 Decenber
2006 WO os%ﬁ%ﬁ’?‘i“’g@“’rﬁ%%}%ﬁ% Sridtoaegt). ECHTPtEE AN S5 ¢ he sanpl e
Wi t hout r equidtigeistacin abe paitisad foievedt of that weliip aRaRt, The Aftagokisr vaRMPl e. The kit
may conprise an i

st r unment ich allows adni.nistration.of. the agent, such
as intrader rrﬁa\useoardg‘érﬁfi‘saglrtﬂﬂ g@d?ﬁ??ﬁsgtlflﬁf‘ﬁ ?ﬁ’g&‘ i § %ﬂtagmg%gwﬁ%{ﬁei nstrument 5
conpri sesspl @Sk ef the Tedbgémpllpin thnemosf aomplcne@diies-DQEke-DP bitunent  may
allow ballist,i eliver f. the nt. The agent in th it my be in the
formof a pl‘?ﬁ\t?a%é’g%ﬁ??%ﬁ%@g%gﬁa?%gﬁmwgs%%aﬂlﬁ’i}m”gls@’ba??:}ﬁpri se controls,
such as posi pdssed tiosugh &g AORVsteclhular sipralling dheadf &dich catResqlp Tt dellio may al | ow t he
detection systemto tested. Thus the positive 10 control typically
i o5 1 ecoufi't MEtroH TGy [Tk o R e e, Top cal 1y i n
t he Kkits desiypgiodlly at tedefébanyuitible agiy mhéntitnet Rersint r 0 t he positive control is
a cytokine. In the kit desigped to detect in vivo caognition of the agent
t he” posi pﬁve CORIE ?%I?%@rnﬂgﬁlﬁﬁ?tﬁ’gﬁt%@pﬁﬁivﬂﬁe Q?{Gﬁ’ﬁﬁl%vi dual s shoul d
- response.  Thesnigbiient@MEAC RcRGHNt SRseatati@ARAMwh sichliCarMEa/Ruieont ai ning T
cells from 15.the - S as, a bl ood s |.e. e kit conprise a
means to sepé’Fpéﬁa Hﬂ%%&%ﬂ?@ggf) ?&W@ aBPgoﬁlsg’gFﬁ ]Endflﬁg?fpgpé”émge fromthe
- host. - Pol yancihediciageside rten®d bi thanSge mbkculd)soet =8 péphids Bntlableodi es The
invention al sQ provides | ynucl eoti de which is capable of expression 20
to provide tﬁ)gogagl?é’ °°§Petﬁﬂ?°§ht gliadin proteins. Typically the
pol ynucl esti de i $feibiNds of@iusipéntaganidmiat kiowigh the@ft. Bmbbbodinanded. The
pol ynucl eotide wi.l | preferabl conprise at |east 50 bases or base pairs,
for exanpl e HEPYstiFoomP @ﬁ(}éﬁg@@x}p@%np@eé R9BDENG may BRS 286038500 or nore
bases or baseqpatd Binddlh@ ofhel proneetles o thekerdt (RfiRAIMSMAIGARE THES a sequence
whi ch encodes t he sea,urﬁlnc%,?}ogr SEQ | gﬁN‘? 1 .or ﬁ aqr. any of 25 the other
agents nent i SHSOHLlRiraly difr frop any of i gboye epifopgsiviichaszifanla¥quence t he
pol ynucl eot i gesifya dofifal itigeiépeafic Mdiod BAENGE) B/ 1, 23]0Bsmubi ch are different
from the 20 mutations (each of which may be a substitution, insertion or deletion). Such
antagonists are termed “altered peptide ligands” or “APL” in the art. The mutations
- are typically at the amino acid positions that contact the TCR.
'The antagonist may differ from the epitope by a substitution within the
sequence that is equivalent to the sequence represented by amino acids 65 to 67 of A-
25 gliadin (such antagonists are shown in Table 9). Thus preferably the antagonist hias a
substitution at the equivalent of position 64, 65 or 67. Preferably the substitution is
64W, 67W, 67M or 65T.
Since the T cell immune response to the epitope of the invention in an
individual is 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 aﬁtagonists may be administered in a composition which coinprises atleast2, 4,

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



sequence or codons 5 and 3' to these sequences in the [r 1.0g
gliadin gene. 5 and/or 3' to the sequence encoding thé§g%%%$%£5ﬁﬁg

pol ynucl eoti de has coding or non-codi ng sequence. Sequence 5 and/or 3" to
t he codi ng sequence may 30 conprise sequences which aid expression, such
as tranworospiaen and/ or translation, of the sequencerenceaimgot he agent.
The pol ynucl eoti de may be capabl e of expressing the agent prokaryotic or
eukaryotic cell. In one enbodi ment t pol ynucl eotide is 5 Decenber 2006
WO 03/104273 PCT/ GB03/ 02450 30 capable of expressing the agent in a

malrrlmal i an f:el I, | mmaMio?ahﬁpmﬁdespmefmaefiaernﬁmh dﬁglitadoﬁstg)lfam'ﬁélﬁel or rat)
cell. A polynucleotide t i nvention nma ridise selectively to a

pol ynucl eot i IT]’rfﬁ?Ogﬁlﬁ‘??gl?fﬁe“éEC@"ﬁPﬁ)“moémﬁ’Pgéc%/“g’&%tf’ S@Ft@:ﬁF FREAT vy above
background. c&! {5¢kdeedtinyg ehdihbthe elibstaice OdusdsS dbariseiakie bl gy edelusi ng

condi tions of %ﬁgiun1%§ high#strin ency (for eﬁi | e 0.03M sodi um chl ori de
and 0. 03M solft 78T 4 2Peen APecHiP SHPORE 61 1S B8 e BUiabi Sy BeePredowever, such
“hybri di satsi oBersily ki@ detadting 6Ckn@ktich Gaaebede in aRYabEY hdiblies G@eH ti ons known in the
art (see Sanbrook et al é1989), Mol ecul ar C oning: A Laboratory Mnual).;
For exanp[e,S?*“ﬁ?ﬁﬁmfP?‘ﬁﬁéncy is required, suitable 10 conditions include
0. 2I xdssc at  60C.In bhe dntbogimet] thé MYRARYs (Elﬁluﬂi@g?@xﬁlﬁﬁh ﬁor@ufén@algb@sts@ongi ti onscI g
include 2 x SSC.at 60C. .Agents o oteins.of . the.invention my be encode
by the pol ynABPES ﬁra%lgope)&g@gepfl @Cﬁi?@iaﬂt%o%@hﬁﬁ?g) AR EGETE® nay form or be
i ncor por at edin avofpesiioaEbinfrhk et [wBLd, 916 or breSEFonistswe 6dedis whish abl e to
replicate in sui tabl.e . cell .. The.vect ay .be an expression vector. In
such a velt o?rﬁ?qqﬁlsep?fﬁg}f‘ﬂfﬁﬁ’éiﬁqr@gepwpef ﬂ’gt{‘? ’ﬁY/%‘H?WB’ﬁC’fa?P ﬁ‘éﬁiﬁbl y linked to a
cont r ol - sequediiiinatibiselfl epitdped daindee aivhe Prreldtiod td1@e igehits Which &#xpr essi on of the

pol ynucl eoti de. The vector %?g con%gin a sel ectable marker, such as the
ampi ci | [in PRUCEFIFPHsngmAKs thas gresibstance: v nycl eoti de or vector may be present
in acell. Such a cell may have been transformed by the pol ynucl eotide or
vector. The cell ngg express .the agent. The cell will be chosen to be
conpati bl e wtESHLE H @é‘i‘g‘“\‘?‘é’eﬁ“&“ 18l able Of capsingseeliasdisease o prokaryotic
(bacterials), yeasismdnisRetbods thermRaEbl Hvige b methb 6f deRIYREWRMer de or  vect or

may be introduced into ho%t fetls U_ng convent | onal techniques including
25" cal ci um phEYHIesHER s Fpabinehoatsing foclipoiieess surpusme dotentiag We t i on, or

el ect r opor at p@sence of A @rotetviiichd@hith @ashdR oPbGassERdbps the production of
the proteins of the, invention by reconbi nant nmeans, This_may conprise (a)

cultivating-5“?@5%@?%?ﬁ%ﬁsmE@FFC%EME%$ﬁﬁé@mﬁﬁéﬁgmﬁﬂagﬂmﬁﬁﬁﬂitions t hat
al | ow t he ex@ﬁ@&&i@%tﬁﬁinds@&ﬁﬁfy%@'b@hhﬁiﬂ 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 seqﬁence/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, 3,10 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 compriées material from a plant that expresses a

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



preferably (b) recovering the expressed pol ypeptide. e
pol ypeptide 30 nay be isolated and/or purified, by t%??%%dséﬂ%qg@m in the

art. The invention also provides TCRs which recognise (or bind) the agent,
or fragnents thereof which are capable of such recognition (or binding).
These cavo sao®7Decenber 2006 WO 03/ 104273 PCT/ GB03/ k24AfBoBd2450pr esent i n
the any formnentioned herein (e.g. purity) discussed herein in relation to
the protein of the invention. The inygntion also provides T cells which
express such TCRs which can be present in any form(e.g. purity) discussed
herein for. tblqﬂﬂl&lﬂmﬁhmfedhéxhﬁ) StoheiddrieNnaye kRN pax.e0¢h B halard provi des
nonocl onal .or polyclon nt i bodi whi ch ecifjcall rec gni se the
agents (suchPg ucé%ﬁ of tﬁ %ﬁ?@g‘ﬂ%‘/}eéﬁoc‘fsﬁﬁl’iﬂﬁ\?@h‘fﬂ Bsyant e a\ifm ch recogni se
the nrult ant g{e:gad'lymuw;@dli(_hbtdm&n(i(ﬁl&ﬂ;efreﬂﬁ) suél zis)atztltsl_ilio@kbocllthamainpllri]ﬁglmgn:c se kt he )
equl val ent w.l d-type gl adi of the jnvenilon nq, net hods of maki ng suc
ant i bodi es. ﬂwﬁsnbﬁg? %rgceﬁsfngtDEgJD? Aol F‘?ﬁfﬁe%P%ﬂ S‘él'fgléi%wg’eﬁﬁsvsf t hese

.subst ances ofoutideefor bAmplvientitioned idkiickh DE JRibpMEeChaafiniahl B, 1$vent i on, the
term"anti bo%y 5%g{)ml udes anti body fragnents such as Fv, F(ab) and F(ab)2
fragnents, a " as single-chain antibodies. A net hod for producing a
pol ycl onal antibody conprises.immunising a sui tabl e host animal, for

exanpl e an ﬁﬁ syinental animal, with the i mmuunogen and 15 isol at | ng

i munogl obul TRE™EASHY he serum The animal may therefore be inocul ated

W th the i nmmunog@he dédmbetisitbbiedhchrtwern ity adsthicehdotiencanéreidl and the 19G

fraction purified nmet hod f | onal i body conpri ses
i mror t al i'8i G Joge WHTRHEE 6%@@8‘3‘? Eoé%@?rroég%gﬂ’g’f%fﬂﬂ“ a?%eisdona cells may
be pr oduceduﬂaybfnuﬁg mg:h&phﬁiﬁﬁtrc)@@bicﬁhafng@m an inocul ated experinental ani mal

W th. tunour cr # i(%ohl(% at z}te{ii 197 fure 256, 495-497). An
i mortalized ceI T, PIBdRE SRy A pE OF 7 g }‘i@‘gmﬁ dves el ect ed by a

convent i onal dqmimme@ummeﬂllr@r@me oﬁtﬁmstmy(sb@a@hee\.mmdhtesxrbukﬂcejr e or injected
i ntraperitone I for %Srt{;mation es fluldgaﬁ into the blood stream

of an allo Srﬂfiéet ‘TW??B Frf o dung eghSleElPPaNE Y Shody may be
prepared by in Z%yfmmamﬁﬂoﬁ@éﬂn@mblﬁdmmm WididerEhes Shethe?! | onwed by

transformati on of the S Wth |n ‘Barr virus. For the
producti on eﬂé?tsﬁbsﬁﬁﬁdﬁ%/bi% eﬂf&dﬁflélogﬁ FIBBEI R 8¢ He  experi nent al
animal is suwmabllsmawg@aihdmeamalsabswﬁ@tsua{asmp@ﬁmahtiboageSI red, the immunogen
may be adm nistered as a conjugate in which the i mmunogen is coupl ed, 30

for exanple via a side chain of one of the am no acid residues, to a
sui tabl e carmugit gliadin proteins

20 _ The invention provides a gliadin protein in which an epitope sequence of the

- invention, or sequence which can be modified by a transglutaminase to provide such
a sequence has been mutated so that it no longer causes, ot 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 contiguons amino acids of SEQ ID NO:3. Likewise, for other
non-A-gliadins, homology will be present between the mutant and the native form of

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



The carrier nolecule is typically a physiologically ac ier. The
anti body obtained nmay be isolated and, if desired, pufflﬁlé‘g%l.‘t?%%@é%enber

2006 WD 03/104273 PCT/ GB03/ 02450 32 The pol ynucl eoti de, agent, protein or
anti body of the invention, nmay carry a detectable |abel. Detectable |abels
whi ch amooesiderecti on of the secreted substance by ersaabsdam®pecti on,
optionally with the aid of an optical nmagnifying neans, are preferred.
Such a systemis typically based on zlz\,p enzyme | abel which causes colour 5
change in a substrate, for exanple alkaline phosphatase causing a col our
change in a subsh¢abited Sia6H wALKS taudd @Bli0 GRS TR Gudl depreddii | abl e, e. g.
from Bi oRad. Other _suitable I]ab_el s j nclude ot her enééme? such as

per oxi dase, WpﬁF’éPE‘ioFﬂl"“Fgﬁ%‘F‘%, YRy thpgnutgfio dycppases fhe abiiy 8f &8t opes, such as

32P or 35 S.¢ ﬂi}%t@ﬁ&%@aﬁ%@lﬁﬂeﬁ:o@y’fﬁ@nﬁﬁb&?ﬁt@ﬂmh?ihﬁkglaldkdi&}fé’dtL echni qutejs. 10
S Oor cells e rnvention nmay

Pol ynucl eoti des, agents r ins, antipodi

be "in substhwinedp AT &lﬁ‘égﬁgie‘?ﬁas% Wﬁﬁgeﬂ?e?tﬁ@'lfﬂf‘%grﬁ fally isol at ed

form in ywhigEhreass@8Rit) PN brlto BEOBRIAILIAY.& CHIR Anfi@napeciie Agikctici@l0 €. g. at
least 90, 95, 97 or_99% of the ﬁ)ol nucl eot i dqe,. Ee tide, tibody, cells or

dry mass in PeREYpPebsfafrbreosidhe _tyiTEFc‘P‘Eﬁ? %‘é,mgrge@ﬁ?l’,”%?ot ein or

anti body i s hyebeahdwnodd Bsh@n tdosnkidon i 8§ othe RbHShentonddgkletalidr conmponent s.

The pol ynucl eot i de g%ent%ﬂ?rot g%tg or. antibody may be used in such a

subst ant i al 1512endp de dHEnosifarRepis f B FE¥ f orm i n the method or be present

in such fornms i mMhdhgatohimay Thereionmes dbieibng agdtidak onsukeftichstof ansgeni ¢
i This may be any

non- human nmammal = whi ¢ch xpresses. a TCR of the invention.
of the méhmalfEiHh @éu‘g?&f? ngéﬁﬁf’ 740 “("ée.‘@%“ieﬂt@%lfﬁﬁ?aé‘??ﬁetaﬁmﬁ%e producti on of

| ; he anti bOﬂys)aquei?degleQq@moflz biherossi et SHEE) NOS: IBQZ,WSG,Q}DtMIHn&AG;E%B C([)xegle i acd/

i sease. The mammal may so_express HLA- r- or HLA- - and/ or
may be gi verPr&TaPEI™ ?ﬁeﬁ%g’fgﬂgﬁﬁfﬁam 1@%1%3@& WHBIAHEN di sease (e.g.
any of tlhe Qgithl%@%qﬂeﬂéé SE(FEI]DS[O&I?M&@EBM;?@{F?E is_)atpoHﬁUI_ssiiheTglmmml _ gay act as
an ani mal nodel for coeliac disease. .. e invention al sp provides a
met hod of i @it sauHglent Pﬁ?"b‘l?d’&?mwgi‘%q’fls?'sTYP{cﬂB(rﬂéed@E‘ﬁ?lX oY 8 oel i ac di sease

conpri si g aMithiinS5teHié PBition & Aubetitalad © aBPBFheARGE aofds showhamBle 3pf t he
i nvention which has, .or. which is susceptible_ to, coeliac di sease and

det er ni ni ng BAHERHE o higidige. dresie Jn@trabnslygne: Prlng: & s5FE1% ac di'sease in the

mammal . the  pr eygdihi@forQhustls6 ploviBRtusOdf aGaRbRGudlistLae: higiogat i ng that the
substance is a 30 therapeutic product. Such a product pay be used to treat
or prevent cbamoidegrueizsdiscusigichereiy ayanicniiorp Pin\aliadis rels WERt i ¢ (i ncl udi ng

prophyl acti %it@}g%%ﬁﬁfpp ofthAaNRBL, & BHBSE AP S8Ry of BEg1REE Plokin 0 Ot €i NS and
polynucl zeOOt Icgr.?sz cc?gliacf dis%asle.nvent -on).
In one embodiment the mutated sequence is able to act as an antagonist.
Thus the inventidn'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 invention also provides proteins which are fragments of the above mutant
gliadin proteins, which are at least 15 amino acids long (e.g. at least 30, 60, 100, 150,
200, or 250 amino acids long) and whichlcompﬁse the mutations discussed above
which decreﬁse the ability of the gliadin to be recognised. Any of the mutant
30 proteins (including fragments) mentioned herein may also be pres;ent in the form of

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



5 Decenber 2006 WD 03/104273 PCT/ GB03/02450 33 These 5'3[?%%51%?%06”6
formulated for clinical admnistration by m xing them w a
pharmaceutically acceptable carrier or diluent. For exanple they can be
formul ated for topical, parenteral, intravenous, intranuscul ar,.

subcut am@osgp42int raocul ar, i ntradennal, epi dernal orciGansaaenal

adm ni stration. The substances nay be m xed 5 with any vehicle which is
pharmaceutical |y acceptable and appropriate for the desired route of

adm ni stration. The pharmaceutically carrier or diluent for injection my
be, for exanple, Ehesievaldnewid typs@bteintche@btitbd QRdi poRimsHYlgr for | njection

or physi ol o%cal saline, o rrier ticle for ballistic delivery. The

rac pa .
dose of the SUBHEHTCRASHRTC 80%]8?%?816”&@5?6?%3?@5 {ofymy §-didetar anet ers, t
0 especi al | y rgceeiey]oag ottitidale Thggbekin kagsically hey, 286, y wed ghtiname: condi tion of
the patient tp .. be treat egﬁi; .the node of adm nistration used; the severity
of the condi &I TY B5&° 4888 ed: and the required clinical reginmen. As a
gui de, the anount of substance adm nistered by injection is suitably from
0. 01 ng/ kg t?ﬁiBO ng/ kg, preferably from 0.1 ng/kg to 10 ng/kg. t5 The
routes of admifistration and dosages described are intended only as a

gui de since a skilhkasepionsltd frb@ae b kitkdr carBmgabl iR hohddebapEsens eadi |y the
optimumroute of ad 'nd'es%.rahi on an osage for, .‘}%{]?i particul ar patient and
“condi tion. TRE"¥EFEIEALTRIGEY ARt PSRN Fresiimpi s aegtyd s h a method of
treat ment of cell Mppibdliyale differdanagents arb p@yidedfor difutdnddi}@pastebe NMet hod practi sed
on the human bod

. 2Q . 1n rticular, they npy used,in a, nethod of
treating Or 5%5?7%?’]‘[“?%SFYBIBQ‘?’%E&“%F%%Q??F re%‘l‘%mf’ﬁ%ﬁf P‘@ﬂﬁdséilFtﬁ‘Eflobr ovi de the
agentstfor usﬁfqﬁtaedﬁﬁmiqﬁﬁdﬁf:rusﬁmmbﬁhvac_ture of a nedi garrent fo; ht (rjea]El ng or
preventing coeli sease. s the.inyention. provijde met hod o
‘preventing or trZ@ch%mﬁe@%w&%%&i%@%%%%%ﬁnﬁ%@“’%‘H‘Fﬁ%‘?f?@?i ng to a hunman
i n need ther ef redogition! TieGe: nafy tHub eddidevsRtichide & tp¢EficEhdivg Boib9 fort OXi C

effective 25 _amunt thereof).. The _agent, of the invention can be nmade using
standard syniHSPFREFEH 8D m?@cﬁﬁ‘?ﬁ?}%‘gf”}gﬂ@ﬁy g)gcigg,}O{,@-ﬁbfThgn aut omat ed

-synt hesi z13/|r1 . mﬁiﬂ@ iﬂgﬁ@dﬂy!ﬁ’ﬁtﬁoﬂﬂ&eﬂr&ﬂ&. | loliiﬂﬁt@mrﬁ I!hﬁfﬁ&@ﬁsﬁmhﬂé%iﬂ&ihgmc?- g-h a fusion
protein, ich. pal ypeptide_ typically. . conprises the sequence of the

pepti de. Themﬁ’éﬁté%gbs%ﬁgf‘ﬁg%lgﬂlﬁgﬁmiw el ot Péhyppased Het™y for exanpl e
hydr ol ysi ng t‘dp@ts’mlswmwein%ry@u@nxa@faﬁm&tﬁeﬂ?@i@@mpoﬂr by physically
breaki ng t he Ol}é ept,J dg. ‘_I'ge pol ynucl eotide of the jinvention can be nade
usi ng st andaf*8rt& 'tﬁ? Fhich i5 seereting e sybsiaprs. Quaifingdls el a0 Decenber 2006

WO 03/ 10427 3iyhcalty CBagdriAg A thst 2 control, allows determination of recognition of the
20 agent.

The kit may also comprise a means to detect the substance/moiety complex.
A detectable chaﬁge 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



34 Plant cells and plants that express nmutant gliadin I expr ess
proteins conprising sequences which can act as ant agonfé?ée?ﬁtﬂezzgé? of the
invention may be a plant cell, such as a cell of a gram naceous 5
nonocot yl edonous speci es. The species may be one whose wild-type form
expr essw 03gbd2adi ns, such as any of the gliadin protecnssnsnsiooned herein
(including gliadins wth any degree of honology to SEQ ID NO 3 nenti oned
herein). Such a gliadin may cause cggliac disease in humans. The cell may
be of wheat, nmmize, oats, rye; rice, barley, triticale, sorghum or sugar
cane. Typi caiht Y ctlRireslylin thésaftipletviBout kdqbitiflily 1ba@BSHAT theSiEfbonadts aesti vum
spelta, polonjcumor nonococcum The plant cell of the invention is
typically on%tltbﬁf?@ﬁledoes not express a wild- type gliadin (such.as any of
m_e ﬂl ijadi ns wentﬁh@ﬂeﬂlaf@ﬁ?m;ws&hndﬁwhimwsﬁ@ﬁh&u@ﬁmﬂ'ﬁﬁease),bor one

ic oes not express a gljadin c rising a_sequence that can be
recogni sed big%% BFCIE:@I’P“"PW&‘EJ ‘F@E@fﬁﬁﬁé ‘WF@‘%Q@NW%W%W“F“‘P‘HWW | d-t ype
plant cel k didhphibes prBELESssH ] 61ond ofthdrd fletlied, MBR inktuniBRYymbaENTI Nneered to
prevent or reduce the expressi of such a gliadin or_to change the am no
aci d sequenckrlisfic fehgery py ?ﬁgﬁntsgﬂet%%tq'ﬁelﬁbmayﬁ’a FOEBGE%es coeliac di sease

(typically byhapgch@igesmpisessi ng the epitope of the invention). This can
be done for exang_gle by introducin rruta%]ié!gns,i nto 1, 2, 3 or nore or 20
all of such gliadPhkiBfH S°|°HmPrFF8°‘%’é‘PIF’,S“ G PRI 108418 E 6P ng or

nonl- codi Rg ]gmeg;ositiwceﬁmﬂ glyay ﬂa@itﬁa;ﬁ}ecﬁoﬁm&mwwwmsmﬁfmaepﬁﬁa@y gf tlhe type
or length of nutatiops .discusse rein (e.g., ip relation to honol ogous
“prot ei gs)lf’ T??é“ﬂﬂpéfﬁﬁ%ﬂ?“‘é"éﬁco “oni“Eﬁ‘PB%fBE‘éﬂ“Y?qfﬂ’ﬁ ag‘?VF %)‘ manner (e. gg,
using site diypeeled HEKRGERRSI 16 ddmbhe bR & viFChOpRItRaidnesl if echni ques) or

in.a random manner (e g.. using a-nmutagen, and then 25 typically selecting
for nmut ageni SBEP<EE \E"sm‘i%f‘ﬁ %ﬁg"ﬁ’g 19 gslsetet "‘é‘k’ﬁ?"é’%‘gmrt%éheg"g?“éw ROt a  gliadin

sequence Whi g6l R 85 artiged tb #GicH s amejduals bdulikgpsese of plants or plant
cell s that .express rotein that conprises a_. sequence able to act as an

a
- ant agoni st such ghﬁhhfﬁfy%ﬁocﬁmﬂ?fﬁa@é‘fnﬁ Hekp asypripemianng Tlis igme g1 i adi n
protein (18. Ghe RRE sh bE4bI6GLEESle. CTIR kit Aay BirgRidSLheantiogtRaabl Y t hough the 30
presence of the antaggnist sequence wi |l cause reduced coeliac di sease
synpt ons  ( stepnurdeancels gralyteddgm ¢ sk fopdisAogtual who -i ngests a food
conprising protein from the plant or plant cell. 5 Decenber 2006 WD
03/ 104273 PCT/ GB03/ 02450 35 The pol ynucl eotide which is present in (or
‘whi ch was t retigrgtestices.icelisolyansgreic mamgpals gnd qutipgdies general |y conpri se
pronoter capabl e T8 infaRELAH pREided EpdlahAcidik i@k Papable of expression

20 to provide the agent or mutant gliadin proteins. Typically the polynucleotide is DNA
- or RNA, and is single or double stranded. The polynucleotide will preferably
© . comprise at least- 50 bases or base pairs, for example 50 to 100, 100 to 500, 500 to
1600 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' to these sequences in the corresponding gliadin gene.
5" and/or 3' to the sequence encoding the peptide the polynucleotide has
coding or non-coding sequence. Sequence 5' and/or 3' to the coding sequence may
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



protein the plant cell. Depending on the pattern of expygss gﬁgéred t he
pronoter maybe constitutive, tissue- or stage-specific; and/or i nducible.
For exanple, strong 5 constitutive expression in plants can be obtained
with the CAW 35S, Rubisco ssu, or histone pronoters. Al so,

ti ssue- WEeWI1H4283 or st age-specific pronoters may be uPEWGBOBO2BA get
expression of protein of the invention to-particular tissues in a
transgenic plant or to particular stgges in its devel opment. Thus, for
exanpl e seed-specific, root-specific, leaf-specific, flower-specific etc

pronot ers na)caxhﬁblewﬁeqbresﬁmﬂe@ﬂeﬁia‘mmﬁﬂapwmmmis&Huﬁl@d,pﬁiﬁaté&Ose descri bed
by Dalta et %degti%t echnol Ann. Rev. (1997), 3, pp.269-296). Particular

exanpl es of see eci Efc(’:”"il) Pr'oters are napin pronmoters (EP-A-0 255, 378),

phaseolin pr ormt eApplygiclebtdiofithe e @kwshybhiéibd sala&theipitdle pronoters

(W92/ 17580) | b 5460) e 5| n pr ormt ers

(\098/ 45461) P4 i%f"@% e 2 'Sl"ég‘%%%geﬂﬁél"(’ geyosrkerogdThe cel | may
be in any sf orSn’lectﬁehylmdaaIpines,typutallyrmynebﬁ vaing b@ﬁitﬂﬁseﬁnﬁﬁhrh to lfl‘-ghg a

ol sed 1 omcusbssp R o ot o yB Bltiod 5SSl g Tomhe cel | mmy b
of any type. (abougSO Gfto :dmgtt 60‘tC9pEowH’Verpiuam1ybnansetti)m mirPbe daifam?ltﬁmdean 4 cel |
such as a cefl” S wupBtEnRE e Bl sk e Benauresitnoot s or 20

| eaves. Pl anClqmaIgtAIjaImdtazrgzIMamat)t Bor esdmﬂﬁ, E‘mgheaiag@gy & Rjuipkdf duBabilenvol ved in
reproductj.on t anens, ant her.s al s, sepals and
ot her fl of\f\)/er bondﬁ%ﬁpm%ﬁde% v%at g@f&p@?)’r“’aé‘gﬂgsﬂwéf W@'ﬂmﬁrfsagglﬁal ning a

t ransgenic pbmdttmuehd:ludedorﬁ&dasﬁﬂ"\@ transfor m ng a plant cell with a

pol ynucl eot i de or e, . i nventi o atr ns enic plant cell.
Any suitabl e transfs e%op ?tglﬁso eﬁ%vﬁm}?ﬁf‘aﬁ Qfgkj?”ﬁ‘ ?@y’i‘ S5e of wheat the

t echni ques dd@grhlmgéetemn Vasil V.et al, Biotechnology 10, 667- 674 (1992)
mat i.on techni ques | ude, el ectroporation

may be used). Pr Lr sf.0

of plant protopl as gd‘iguﬁ{emgdrgt |a¥F°§mBo]?*FdE\°r°Wﬁetd tel'??ﬁg‘?atl?ﬁeéf"?on may thus
~give riselst OSmh(ameﬂaIrlsdsldmwh@tmaplhtﬂﬂécdllnTMeethrzﬁﬂrﬂéaﬁ%lpkﬁmﬁ{e transgenic
and sone are pot vention . or t obtai ned cell may
be regener at &4 3 S S“‘% vte?tgrrfgedjé’}??‘&deﬁg‘g%‘lfﬁwn eRHOR i e Yﬁ’ﬂ‘@ﬂmq n the art.
These may |nvmihv]eseqdaﬂceuﬂm:hﬁn‘cajﬁbhI’cbifproﬁﬂﬂg\lfdﬂﬂﬁiéb;ﬁés@i&@@f&hesUCh as auxins,

gi berellins an inins to 5 Decenber ;2006 WO
03/ 104273 PCFH %9@%4@@@%"“@3’89& i" e&a %F‘Bhaﬁf}’ewﬂi‘?ansgem c cell.

Simlarly, tesksi®ges. such as somati c enbryogenesi s and nmeristemculture

may be used. Reg tion techniques _are we]l known in the art and
exanpl esszgan be f Eﬁ@ llgméie&”e Ay 8 gregambin 29dll. Pushsgeelmyy bayg 5 464, 763,

US 5, 177, 01tken thshrrmddg, tRABlynicRolE br 308w, R E0hay 68Rss thighk2, 752,
The cell will be chosen to be compatible with the said vector and may for example be
- a prokaryotic (bacterial), yeast, in'sec.t or mammalian cell. The polynucleotide or
vector may be introduced into host cells using conventional techniques including
25  calcium phoéphate precipitation, DEAE-dextran transfection, or electroporation.

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

30 may be isolated and/or purified, by techniques known in the art.

The invention also provides TCRs whlch recognise (or bind) the agent, or

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



5 US 4, 945, 050, US 5,036, 006, US 5,100, 792, US 5, 371, 0%4 eUS 5 %36 744, US
5,179, 022, US 5,565, 346, US 5,484,956, US 5,508, 468, U [g%:‘%b% ;- US
5,554,798, US 5,489,520, US 5,510, 318, US 5, 204, 253, US 5, 405, 765, EP
442,174, EP 486,233, EP 486, 234, EP 539,563, EP 674,725, W91/02071 and WO
95/ 06120 d3noe4zeny such tecl m ques,-one step is the fecwasinndiof a call us,
is. a plant 10 tissue conprising expandi ng and/or dividing cells. Such

calli are a further aspect of the imention as are other types of plant
cell cultures and plant parts. Thus, for exanple, the invention provides

t ransgeni ¢ plpeestat initeesne Sna nentpacd iereii @G pdity) GiscueRDhtES in rélBion$s €Ms, Seeds,

shoots, root st.ens, . | eaves d. fl awer parts._ _These, be chinmeric in
t he sense thgl%epéog?%%o% elf%egﬁorn' ?ﬁ?ﬁ“&enﬁ?‘éﬂ%‘%ﬂ%ﬁ G{]']ﬁggicﬂa 5 9t and some 15
are not. Tr aid€gemiich pinda pregratit snyafhdh (cigSputies dispkao haeinndhseadsrof t he

i nvention ma%ebe t?f any of the plant species nentioned herein.

Regenerati on prl%vglécfﬁ'r es wll typically involve the selection of transforned

cell's by means ofThednviesion glengsvidet Rensch@eing palydlan ahigicgMes rise to a first

generation tran ic plant. The 20 invepntion also provides nethods of
Obtai i ngt r SASPRADIEabiR M ae MR Y S loe RO Rt el {1 ot

gener ati on phaith reciuiss the anentghiodimp@ging (04 6Piallyvab@e AbiGeddp@Rt s.  Progeny

pl ants of se . thir fourt.h ifth, .sixt nd further generations maybe
" obtained fr o%%?' iemﬁein#"s'f?d'z%e llll?éﬁ'sp S%ﬁl? W&%&@éﬁ‘?@“@?"gﬁ?f “F%méﬁ'i?grreans known in
the art. Thusnptibbdies. iAmtidich ofthepin@uiicesndaspeifichibdo Gkse@btistihddk BOKa@ transgeni c
progeny 5 Elk,%l%n_corrpri si ng obtai ning a second-generation transgenic
progeny plan roma first-generation transgenic plant of the invention,
~and opti-onal |y olfoaihapuppstsrofithisgereniion, fat ®fh SantbodgNigcledes Mib&Lyf ur t her

generations fromthe,second-gen ti.on ogen l.apt . thu bt ai ned.

Progeny pl an[zr%gmn“%h?J S‘gctlal a%f%g@b gdad F{amfl%q%}[ﬁ’%W@%é@%&gﬁﬁh@@)‘?‘t‘%@‘g?ﬁ'i er 30

gener ations by amrymkhaldor freloking apyclonsl apdtiotly edulpsifes indh@gema pl ants may be

_ produced byéuigleEd%Fanbn?rl 2r00§3 WO 03/.104%#73. PgT/. 03/ 02450 37 obtaining a
T PBFAATA S SR 40 hPesentleninsh With 8 FPRRe S dngi ng  to a

transgeni c see
previ ous 1gensolafigimmutdglbhulmbfran ticrgma. TheonsgehhEhatoaeahopllaat of the

i nvention bel ing to new .gener.ati on rrowi.ng up _the transgenic seed,
‘and/ or pr opa‘é‘”é‘??‘g@m‘g‘f%ﬁe&?‘f‘%"%é“‘%?qéfﬁ ém%vegﬁﬂﬂfhe&?lm%‘r@&hﬁ%ti on bel ongi ng
to a5 previfusioggniiedt A mathédfogprvdncing b maneBailiaipio@apsep! ant of the

ot - gener aPrBRe T Slafid e i P G Re FOPURTBEP BRI NG to a
_ o - produced by fusing spleen cells from an inoculated experimental animal with tumour
20 - cells (Kohler and Milstein (1975) Nature 256, 495-497).
An immortalized cell producing the desired antibody may be selected by a
conventional prdceduré. ‘The hybridomas may be grown in culture or injected
_intraperitoneally for formation of ascites fluid or into the blood stream of an
- allogenic host or immunocompromised host. Human antibody may be prepared by in
25  vitro immunisation of human lymphocytes, followed by transformation of the
lymphocytes with Epstein-Barr virus.

For the production of both monoclonal and polyclonai 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, o a suitable carrier.
The carrier molecule is typically a physiologically acceptable carrier. The antibody
obtained ﬁlay be isolated and, if desired, purified.



previous generation wth another conpatible plant to glélﬁ &nlit;eg%ggni C
progeny plant of the invention belonging to a new genera ion,

optionally 10 obtai ning transgenic progeny plants of one or nore further
generations from the progeny plant thus obtained. These techni ques may be
used i nvNds184MI nati on. For exanple, clonal propag&crasoeserdsesexual
propagation may be used at different points in a process that gives rise
to a transgenic plant suitable for cedtivation. In particular, repetitive
back 15 crossing with a plant taxon with agronom cally desirable
characteristics maypdyaucltotides pgenk proteinfen ritibedy of the fisregion,reyosdng cells from a
pl ant and r ner.a l.ant r on al so .b arried out. Also,
further desﬁ%%ﬁ?{%l %‘heg”r R céarbeg?tiegéﬂ%@)aﬁ% qgﬁnqnggéggﬁregiﬁ sﬁﬁ €f ormi ng t he
cells, pl antbytumslumecnpﬂ, aptiosallyrwitheledsd ofat o;&imlnagﬁifyaiglnmaxstage in the above
process, to 20.introduce, desira ng se ther han

t he' pol ynuc! BEFT geguglfasfsheg“lsrty\? blltlyﬁjgﬁe% T% nfﬂfqr‘gcb% ‘r“‘%‘?e&af’ 90t by the

t echni ques dﬁmtg&uﬂmﬁbehme,eﬁomxﬁmple dlkadine ﬂiolslﬂﬂmbtcaumgai:oloxp(nhapgmmlaeoti des of the
i nvention. a rther trans e clhed fromthose

codi ng for oStu S&“ EP?‘B%SM 8 eSS e’ﬁlr?c fWta"'lra‘gt’llete’sg{ ﬁgmgel%ﬂgl érﬁ]ance to:

G yphosat e (wmitaple lals:lsmg:hdmoﬁﬁﬁﬁmmm@eroiﬁasg@ngo(em 1ghelsfsRelfesO 293, 358) or a
gl yphosat e gxi dored 06Q3 nce to fosanetin;
a di hal obengjd?ﬂnt Fite 015 %IF";’S E('u“arllaflj ‘% Hgabgveqq)elsmaﬁ%e ﬁ%ecﬁg,‘[{‘} r%/m n acetyl
transferase @E\Aﬂ')eclnnqugd utam ne synt hase gene (cf. EP— A-0 242, 236) asul am
e.g. usi ng a di h roate synt.hase gene .369.. 367

sul phonyl rea, ¥§ynuu§| des 5 enﬂ’Lpéotemshelbug s Bﬁceﬁ ?Af lﬁvepﬁon %pfeas aci fluorfen
or 30 oxyf| uasibetantiaby gmﬁeﬁ;fong "ahepmy qulsrmsmtmgpmolwd fdas,én ghivle) ; an

oxadi azol e suc oxadiazon; ophthalim a
phenyl pyrazo thl}‘f:ﬂllugenem ,mphseat %XS?F]%%%% édégg]gggﬁa@%a? éheanal ogue

t hereof. 5 DRebeadetidsp6de, WHLOB/ dlle & Ay B@ﬂxﬁﬁ(}ﬁﬁﬁﬁuﬁo 'IRB Simlarly, genes
for beneficial .properties_other her.bi e may be

i nt roduced. Hgbp&é?gﬁqp?ggm’%rgtﬁ%sm tug @ﬁs@% alﬁéﬁmg Bl eeo Oth%e i nt roduced,

not abl y 1genedularcophinags. Bmepblynmlebﬂﬂaragmglpmmmﬁaﬁtﬂm)ly me;y<bemsed ihi kew se, genes

for disease resi du; ed 1/ 02701 or _
005 06126, W RRR e BrEr P R BB e 88 ed Th a ol an
of the i nvenbinghnthe Bependi ng on the pronoter used, this expression may be
constitutive or duci be tissye: or stage-specific,
i.e. direct ed'tomer‘ﬂ‘éengonﬁ!ff)ﬂogﬁsaﬁataﬂ%lgg?ﬁnonfr?“glg ‘("E’ﬁé’ﬂ“ s any of the
ti-ssues mentdxpogeek dmﬂﬂ)elﬂfentﬁhla@mshﬁybﬁ @R bf tHeMahropn@ishssedivgein nvent i on al so

P ovi des rrEt(Q gdl:? e at1or(1) E) the produglon OP Pe Entlgo ftﬁ:efb rXny the mammal has, or is

susceptible, to c_:oehac disease. The mammal may also express HLA-DQ2 or -DQ8

or HLA—DRS-DQZ and/or may be given a diet comprising a gliadin which cause
coeliac disease (e.g. any of the gliadin proteins mentioned herein). Thus the
- mammal may act as an animal mode] 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 isa

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).



t o harvesting, and optionally processing further, tranosgg%grgbeplz Bt s of the
invention. By crop product is neant any useful product” obtainable froma
crop plant. Products that contain nutant gliadin proteins or proteins that
conprise 15 sequence capable of acting as an antagoni st The invention
provi de¥veo3ppgeuct that conprises the nutant gliadi nporwBes/nrsse or protein

t hat conpri ses sequence capable of acting as an antagonist. This is
typically derived fromor conprise plant parts from plants nmentioned herein
whi ch express such proteins. Such a product maybe obtainable directly by
harvesti ng Qhes?Quiisfthies £€ fdryulatbyfohdinitaistinhgraivd by mitidpahenpwiticessi ng t he pl ant

of the invention. Directl obt.ai nabl e products.i ncl ud r,ains.

Al t er nat i ve PyJArmasEea ﬁf%&@fawrgﬁueﬂtbggﬁeﬁml%mﬂ%Hg?ﬁgﬁf@?dqby har vesti ng
and further fpn6QsaS pirageralRxRVplRS mtfampscoldtgibsutabiua) insobdarpy  f urt her
processing are flour- or distil]ed cahol.i c. beverages: food products nade
from direct 52888} %‘%HBSOTWT 1@?31%@%E%T%&Pgsﬁngqs@ag{)egmmggked product s
(e.g. bread)yianyRarle wiynif pramiacerfyaflli edbptablesie Bppfapeiste fr dduct s, whi ch are

i ngestible and digestiple (i. on-toxi ¢, and of .nutrient value) by human
i ndi vi dual s.%eﬁ“ﬁg E‘ﬁ@ °€L:§E‘Bm8fag‘?‘bg%‘35 aB‘B‘t‘EE‘{“g&%Yr?S\ch%%‘FP‘;fgr PREBr ot ei n” whi ch
conpri Ses aRnay36EaQGQuEd, a Sl enstoridvelufianschs Gvhie for liyctial @0 conpri se
wild-type gliadin, pu referably th tagonist is able to cause a
reducti on (@L}G?"l%ﬂgﬁaﬁ‘lee T\ AT letép?fgfﬂﬁsg‘@%%ﬂmai sease synptons after such
food is ingestedrhetog of the @utstames sy belaljusddaatoadingty virdvas faodnetwd Ng nonl i miti ng
Exanpl es: Exa e 1l Decenber 2006 WO 03/ 1042 P B3/ 02450 39 W
Cartred But SSRPRbERRED G i WE e GeeR s BT oL Py THULE o r 51

synt hetic 1%e fefedpBpiodas atdiaistaipanci:hie: se@Apy «fthe caelifivade of a ful ly
characterized a- jadin, "A-g]iadin" (se ble 1) - | adi n peptides
vere al so i fEHEA; H%L?quggpéc e th 4#@“@8%@@8?&%5 ¥¥5%ct s that night

m m ¢ those apnbdieady irjdctions stdtably $ém al0s mghg 8xXB0Gi ke prefoiabigd roffoel | ac di sease
patients at the poi n{)@% initiation of disease relapse to avoid the
possibility 0} getﬁi1 8" spreadi ng" or "exhaustion" may have occurred, as
descri beds i n. expeicipRatodbdniitedii @0 doagd datdel minadel ayases. Cinical and

respons 3 and 1 bread challenge 10 In

0o SRl L ToRLL o SRSt B BB O Y BB 755,010,
absence of - sefdaihigthitibn £id desaysSotdny artitule gitieqtMondiion.a gl uten free diet were
(o, 1o ol cosof SLatatf, SLAbeI,C LR DI ML LSRR Y Do
of abdoni nalheRingn ofBixtahbddl,Ge i didnshifinbbddiratisch 08 te afharbolifir ee days, but
Subj ect 220 ¢ %llggrtg]clflﬁtgthgyg lglayllg)e uge yir? a Ivﬁn-eﬁ’ltl;]& oc% rtlrlea%ing or préventing coeliac disease.
The invention also provide the agents for use in a method of manufacture of a
- medicament for treating or preyenting coeliac disease. Thus the invention provides a ’
method of preventing or treating coeliac disease comprising administering {o 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 antomated 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.



15 m|ld nausea at one week. The EMA becane positive in ] ect e week
after the bread challenge, indicating the bread used ﬁiﬁg%ﬁﬁggéﬂ 5|relapse
of Coeliac disease. But in Subject 1, EMA renmi ned negative up to two
nmont hs after bread challenge. In both subjects, synptons that appeared
wi t h br sadosahelid enge resolved within two days after pceBoinzeg to gl uten
free diet. 20 PBMC responses in | FNy ELI SPOT assays to A-gliadin peptides
were not found before or during breggd challenge. But fromthe day after
bread withdrawal (Day 4) in Subject a single pool of 5 overlapping

pepti des spanning A-gliadin 51- 85 (Pool 3) treated with t TG showed potent

| FNy responses (see Figure la). In Subject 1, the PBMC | FNy response to
A-gliadin pe%‘ﬂ“d‘éllsrﬂéﬁ‘iﬂ’i?ﬂi’égdh’ttéi‘bré‘iséﬂ‘t{‘% 313‘615!‘ Protejus of EYess BrgEMas naxi mal on
Day 8. The dygagiMsmg safiemdePaitl sel@cods ahBgonigsponse to Pool 3 was simlar to
that elicited by _a-chymtrypsin digeste %Iiadin. PBMC | EN responses to

t TG treat ed Pool T8e ¢l the Givention way Pap mant epligsich g5 gelhpf s gragnaeseldh Pool 3 not
treated wt hmbibiotylBftflousRFRRASES sheRie@mEDEtRAL HiHS wild-db@f5h ethr@tdsadi n were 3
to 10-fold qreater if trs ted wth tTG In Subjfct 2, Pool 3 treated with
t TG was al soSHefias, syahygs )y o %‘ﬁﬁlﬂfﬂlj‘é’mt"d“%’éetﬂh?ﬂedh@r@? ngluding gisfinsges on Day 8,
but this resp@Nss dé@s MBaka6zyNSEQ PN} 8kdntidned Wa&n) Ghchse@mi®n Day 4 and by
Day 11 the response ép EooI,S had - inipis ed agg other tTG.treated pools
of A-gli adi n"Pefteeqedinetiicaiciymens ohgar! Pty o5 itk BABR F2155F6 WO 03/ 104273
PCT/ GBO3/ 02454, ¥heley, LRSI R6EHm|, SRRl eyfidlly thi bl ipbdtRi TrRibwAy | ndi cat ed
that the initial T cell, respgnse_in these Coel.iac . disease subjects was
agai nst 40 si FYPeSEes AU SRCLA. RYIGUSHID QT BEWLOEE ™S | ve peptides and was

readi |y nmeasur ed ThépiRe eeITeR dvektion @0ypiddl oelwiidhldb 3Bt SXPASWIA- i S conti nued
for 5 ten days ingtzﬁd of thee, T cell, rgqunses to other A-gliadin

pepti des appdefgliadip G asemi hgiehipdms srepigned ks Xhirimay eperpelipe

di sease- speciifeh), bFdieGvhion doks hbiQRpreY a kil4did JoRpki&sk Aegibhd@acaR8Pt i des I n five
out of six further Coeliac disease subjects on gluten free diet (see 1 o
Tabl e 1), brasgnsnlhyiedigh bpgrcoghses e agpt Thusih e Mildgyre Fenteslbdifed pepti des in
Pool 3, jandexbRsddadd %Hdﬁiﬁ-fhen PRy bARBINERAIE BRRRALIr RiudeQhexRpréfdioh12) and 60- 75
(13) as the sole A-. iadin conmponents eliciting | ENy from PBMC (see Figure
2). 1'L-10 EL¥fswip slizgdiontachapgs themiingragid sequerog of th\gliagip pasbesit 88howed no | L- 10
response to fodder t8tRMac d?s_%temﬂ&uﬁyﬁlp#%exb&ss%%e?eympeeﬁmet here were no

| FNy responses to _any A-gliadin 15 peptide or a-chynotrypsin digested
gliadi n bef dR&MMri ng or up to four days after bread challenge. In none
of these Coeli aCTﬂis%ﬁ%%%o&‘f&ie%ﬁ#pﬁe@iﬂmﬁM%g%&%ﬁ&s #RaNg8 or fbR® basel i ne when

measured for up to two nonths after bread chall enge.
20 all of such gliadin genes in the cell, for example into coding or non-coding (e.g.

promoter regions). Such mutations can be any of the type or length of mutations
- discussed herein (e.g., in relation to homologous proteins). The mutations can be
infroduced in a directed manner (e.g., using site directed mutagenesis or homologous
recombination fechniques) or in a random manner (e.g. using a muiagen, and then
25 - typically selecting for mutagenised cells which no longer express the gliadin (or a
ghiadin sequence which causes coeliac disease)).
In the case of plants or plant cells that express a protein that corﬁpﬂses 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 &isease). Preferably though the
30 - presence of the antagonist sequence will cause reduced coeliac disease symptoms
(such asno éymptoms) in an individual who ingests a food comprising p_rotein from

the plant or plant cell.



PBMC from four healthy, EMA-negative subjects with the #7% %bﬁé
*0501, (il *0201 (ages 28-52, 2 fenales) who had been cC enge or three

days 20 with bread after fol I ow ng a gluten free diet for one nonth,
showed no | FNy responses above the negative control to any of the A-gliadin
pepti dewomstiM2td Wi t hout tTG treatnment. Thus, inductcoesedfo2tdiNy i n PBMC to
tTGtreated Pool 3 and A- gliadin peptides 56-70 (12) and 60-75 (13) were
Coel i ac di sease specific (7/8 vs. 0/9 . p<0.0l by Chi-squared anal ysis).
25 Fine mapping of the mnimal A-gliadin T cell epitope tTG treated

pepti des represemntd fynhElsdieskhie s eéenﬁnqbﬂ WHHva? BantRrh&Mes) gd  that the
sane core pept| de sequence QPQLP (SEQ I D NO.9) was essential for

ant i geni ci t yPlinheedwill generafecopynges %@‘Pt?féépa@f?%"é@@“@ﬂ@}eé@t@t gigdiissed (see
- Figure 3). RBMm3R pla'ﬁ’c\héllr]ﬁ?&ﬁﬁé%ﬁ tﬁegaﬁemf%gﬁeheddeﬁ?aatm mée@nni ng this

core sequence begi nnin - nmer NG 4) and .
i ncreasi ng WM t@r‘i@‘tsﬁthenE‘iS'éeaP’e“ttﬁgﬁ‘ﬁ%?Flﬁt’ radion lﬁ?eg‘?féﬂanlpﬁ NS

QA QPFPQPQL PYREIER ¢ slpfdsdida ilNGladidan bbo@hihadifh t@kpz@w) 355, Regissshgy, 2006 WO
03/ 104273 PCT/ GB03/ 02450 41 possessed optimal activity in the | FNy ELI SPOT

“(see Fi gur e %yistOpERiRTHET| 61%@#%5?651@0Prrsesaéweﬁe?reeot@ﬁ@w#?mﬁﬁodor ninant T
- cell epi t opey kdsePexpibdichr ProRin ke iBBR 1N N At AADRSEE Alfnd:Aad 1 TG treat nent

of A-gliadin 56-75 generated .a single product that eluted marginally |ater

than the pari# ojeparHierer szger Wdtsé%webpm%qﬁeﬁcfvrﬁgammee%%e $hat out of the

six glutam %ot(s@czﬂceﬁeéﬂﬂ&ﬁiccﬂh%ﬂbﬂ%@iﬁc ét@prﬁﬁaoﬁls hﬁ?b@us@@ Sked-sfebific Was _
preferentially deam dat ed Bi oacti vi t'é of peptides
2-

cor r espondli RIORYerS BFiugy thesg %P@GQH%D?IP(?MIEW@C@B?@ eypdng Refel(19982- 68 10

sequence in S40-8k) tranBiIf eﬁﬁplés%?ée@&?ﬁécx@ﬁom%§ax@%ihf!ﬁbﬁ%rst o the sane
peptides wit 5 after tTG treatnment (see Figure, 4a). Replacenment of b7

and Q72 by EEPAGYe1nats):phasealig Reomolis guipse Mppptes teligAfaniée anti genicity of

- the 17-ner iR.bdigs (vhwﬁmé‘@ehuueﬁn HhEQas Ve 260 Ik Hoalitsee Figure 6).
Q67 and Qr2 were |nvest|g ate because gl utanm né residues followed by

“proline in W44 Eepdi a%%Tmom%era@Qmﬁf@@%)y tTGin vitro (W Vader

et al, Prgceedi n@ﬁe&Il&a&ﬂéxﬁ%&%fn?%exm@é@ﬂ%ﬂé@h@@ﬁeli@éil Pgsaease)
Ther ef ore, the i mmunodom nant cell epitope was _ defined

- QLQPFPQPEL PYigpdist, PSRy s m@oéé) plant it AS ol am @ tigsug e#crsefb%w Bpe response is
DQR2-restrictggdy %Pﬁim ﬂﬁB?i‘QﬁdTé plargOTﬂerbequnyng?Lﬂ qL.g QAR Subj ects

honozygous for || LA- *0501, (3 anti - nonocl onal anti body
" bl ocked t he tFeloSHaT PE Nyorr%gmﬁggquemmmed cell, such as a cajlus cell; ora

differentiated cell, such as a cell of 2 type found in embryos, pollen, roots, shoots or
20  leaves.- Plant parts include roots; shoots; leaves; and parts invelved in reproduction,
such as pollen, ova, stamens, anthers, petals, sepals and other flower parts.
The invention provides a method of obtaining a tranegenic plant cell
compriging fransforming a plant cell with a polynuclectide 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 ag auxiﬁs, giberellins and/or cytokinins to stimulate the



tTGtreated A-gliadin 56-75, but anti-DP and -DR antib did n see
Figure 7). Anti-CD4 and anti-CD8 magnetic bead depl et %ecoe %ﬁé?@érom t wo
Coel i ac di sease subjects indicated the IFNy response to tTG treated
A-gliadin 56-75 is CD4 T cell- 25 nediated. Discussion In this study we
descri bwoasnaefser sinple dietary antigen chal |l enge upengsosaeaadard white
bread to elicit a transient population of CD4 T cells in peripheral 30

bl ood of Coeliac di sease subjects regponsive to a tTGtreated A-gliadin
17-mer with the sequence: QLQPFPQPELPYPQPQS (SEQ ID NO 2) (residues
57-73) . The gbwRuRPorldRSRANS Be brdusfmdlcbId RiRilRl; tdihnighds 38033 sdnfid €stricted to

t he Coeliac disease 5 Decenber 2006 WO 03/104273 PCT/ GB03/ 02450 42

‘associ at ed HRr¥opussisand merisipr &ty fay §q 1359 oezereration wehuigiess Willani nase action
in Vvitro sekewhinMed it 66 SR 88 b6Rand & d.LUBadsRsys, oheksa,4MBlved | FNg
‘responses to_ synthetic A—gl iadin peptides with the substitution Q-*E65 is
equi val ent t%‘;ﬁf"’%@ USroe it 7t (E%%i A8-7gq%?’=a]r:€ﬁ2r§7=ﬂ)%9pt’3?8%§@bg¥ B2s132nul at e up to
10-fol d nor eydls,o8ldse, U9,638@06, FING, 90,2, 6BE871 Manusinamdidigd Q65 A-gliadin
peptides. . W have deliberately defined this Coeliac disease-specific T

- cell epi tQpes=1'73§’i7'7nélsisrﬁséﬁ%Uéﬁt“g‘b%% I&%%P%&%@%ﬁ‘%ﬁ&l{&ter m ex Vi Vvo i nmune
~assays to avgisd7pes spessidUkistsyo, o, Ut bagdsh agi sa)s 785 Eplagia, t hat “may occur
with the use_of T cell I i ndi ngs indicate

| i i ng. 1
that peri pheifs13553b 58 4&‘%%32? €1°S§3|§25ﬁ3%§|éi4?f23’ %gﬁhﬁg%?’}%oﬁmﬂﬂﬁﬂ en are rapid

. but short-lived anghngaskthBRIMes, bty iQhe BRIEOPS FRIARI iR plak N Vi VO anti gen

chal | enge has al so shown there js_a_tenporal hierarchy of i mune responses
to A-gl'i &li FSPEsPTRIEDS cxeepineft A Brdingeq cﬁ”f‘li‘%?@l%?/aﬁ’l"é_ TAect@hl y elicits the
strongest IEwnveaﬁﬁmaa@omart?ﬁyefdgmcmtcums_ah@ﬂmﬁbﬁuf Th&{fot FNg response to
appear. Because we have, assessed only peptides_spanning A-gliadin, there
may be 15 otSEPPle HiedbigrionPrvidetiEnsegiic Bent feusrndpars dHingr eat er i nport ance
in the patheaBResnfrifbms, 68, ka6t ke aeSs, lhREaRdowenArR eNkicdysequence at
the cote of the epitope in A-gliadin that we have identjfied PQPQPY ( SEQ
ID NO 4) is REPger ByHeserse tha soge pfdheirgplisaen oels of (heipverisndrd soME Tr enbl

~accessi Ofs NURNRK STrafRBARGTon: 4 BRSissud Hadand AAPAIho infoBERIRy bBO4722, PO4724,
P18573). However; i adin peptides . that have 20 previ ousFy been shown to

A- gl
possess -bi oé’éﬁmfﬁyp?aﬂ”ﬁ%@“%%ﬂhe@ﬁ’ge and in vivo studies (for exanple:
31-43,. 44-55, anplegfteaiidd fiobedihreshvill tiplallPinbdHelthd &Em S RABBARd N PBMC

follow ng three day bread challenge in Coeliac disease subjects. These
~ peptides nayellsdy meansob WakeRgenesT cel | epitopes that arise with spreading of

the i mmune respoNgGegeraration 3P Lifes fise to a first generation transgenic plant. The

20 - invention also provides methods of obtaining transgenic plants of further penerations
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 futher generations from the second-generation progeny plant
thus obtained.
. Progeny plants may be produced from their predecessors of eatlier
30. . generations by any known technique. In particular, progeny plants may be produced
by:



The effect on T cell recognition of substitutions in t i no I, hant
S opemES B

epi tope The effect of substituting the glutamte at po t he
57-73 A-gliadin epitope was determ ned by neasuring peripheral bl ood
responses_agai nst the substituted epitopes in an |IFNy ELI SPOT assay using
synt het i cwﬁ’gﬂﬁfli’ﬁé& (at 50 30 pg/m). The responses werecressuwias in 3

Coel i ac di sease subjects 6 days after comrencing 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, 5 Decenber 2006
WD 03/ 104273 PCT/ CROD0RUBDsgaBC sebd/iras b ansgenicppiiogiita Anvehtiog bfleneing! Ol | Ne or
argi ni ne sti magni.t ude | ess.than I0% of the
magni t ude of %h@r%%%g%%%ﬁﬁﬁﬁlg%émﬁiﬁ%tﬁ% SHF Hrﬁﬁ‘cfn\{'%%f“togﬁ% veWge nut ati on of
A-gliadin at belpaingde s névogeneraiondy browing eglthe transpenirchekdieard@/oput ant gliadin with

reduce or absent i Vi . l.e.3 Testing, the i mmunoreactivity
of equi val ent . pe.ptIi gegﬁﬁjggﬁ%\fﬂﬁ{é&rﬁsﬁﬁ%%m&eﬂ)‘gﬁ’ﬂ}’r"? ‘ﬂ?j%méltq 2adi ns The

i munor eac®i vPEeyiowtseraation & giveta tpesgtiicieezefoplat of thelvendsdbeRhgivs @CCUr ring 10
wheat gli adi n§n%@§en@1§§&smr usi ng synthetic peptides corresponding to the
natural ly occurrfng sequences which were then treated with

transgl ut am nase. cTifEBR® firetgeheaion trasgesic pRat of the iinvedion BibgRSH 4 N t he sanme
manner and w 4h BB s bjects. as described in Exanple 2. At
| east five ofﬁtﬁé gg%f%tlgg@tﬁs gﬁﬁ%ﬁﬁaﬁ%ﬁégg&ﬁ?ﬁv‘f@HWFB’éP%fﬂé{pﬂaﬁtthe

A-gl i adi n 57- #3heEgBnpayieloggng tah new gehBatfonand gptidnally nase treat nent)

i ndi catingythat othghighdadl hns LN wheat are-also |ikely to induce
this Coeliac di sease- ‘sl’géhjé’lﬁg%“% Iggﬁ%%gan?sggﬁlg%?o? regeaergquasilp? ure 9).

Met hods 20 Shepregams plapidhsebtaisedused in the study attended a Coeliac dinic
in Oxford, Unitedp,KLg Li,a¢.dl sease was di agnosed on the basis of
typical small int eéti na hﬁn(s;ét}%leg%;‘;m Ah T ‘ifg’é?’ﬁgﬁﬂle’cfﬂ’n%lyrrpt oms and

smal | i nt est i FAeARsHIo8 fis] sogpal mpriagrtigh méyetn usddrae diffekiedttpoin Tn alirs@ssanat Ypi ng:  Ti ssue

typi ng was pesforbmd i W ted. from EDTA- anti coagul at ed
peri pher al ng[cl)c?q. H!_,%\%&é béagtﬁroctuglﬁ?t}?a' @rieuar; POl B30k PCR usi ng
sequence- $pecidsiies yith arplant taxsresitiagtonereicadiytdasiabla thagwteiidtiothayassay: EMA wer e
detected by iRalfeGt Falhel rescence using patient serumdiluted 1:5
with monkey olesoSﬁagug&e!rg%ﬁdPg{?\%g@ Ceﬁﬁ%&%ﬂ?ﬂt ?ﬁ@ﬂerﬁfﬁ‘éf‘e"énti‘-hurmn | gA.
| gA was' quantblanisithegeiiom rogy also be carried out.

Also, further desirable characteristics may be introduced by transforming the

2

cells, plant tissues, plants or seeds, at any suitable stage in the above process, to
20 introduce desirable coding sequences otiler 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 éxampie, further transgenes may be selected from those coding for other
herbicide resistance traits, e.g. tolerance fo: Glyphosate (e.g. using an EPSP synthase
25 gene (e.g. EP-A-0 293,_35 8) or a glyphosate oxidoreductase (WO 92/000377) gene);
or tolerance to fosametin; a dihalobenzonitrile; glufosinate, e. g using a
phosphinothrycin acetyl transferase (PAT) or glutamine synthase gene (cf. EP-A-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.



EMA, none of the subjects were IgA deficient. 5 EEcenbgg 200q§3$§)$3/104273
PCT/ GB03/ 02450 44 Antigen Chall enge: Coeliac disease LEE%%R rZgy oW ng a
gluten free diet, consuned 4 slices of gluten-containing bread (50g/slice,
Sai nsbury's "standard white sandwi ch bread") daily for 3 or 10 days. EMA
was asseEs@foihg week before and up to two 5 nonths apvBof@Edgenci ng the
bread chal |l enge. Healthy subjects who had followed a gluten free diet for
four weeks, consuned their usual die% i ncluding four slices of

gl uten-containing bread for three dayé, then returned to gluten free diet

for a further sigmd@a¥Sgents I&Hg@yia?ﬂ%}aeﬁef &ﬂer@ahﬁé?@gide t%_ﬁ%e"iﬁ‘z[are prepar ed

from 50-100 nml of venous bl oo y ‘'Fi'coll <Hypagne density centrifugation.
‘After three RapFedicehBareximnice spesisipicadetstpnmedapitedusedpirblt ont ai ni ng 10%
~heat i nacti vatede RUNRNARLS8LHS R s, RRSANS ol foskiigle cell secretion
of I'FNy and %L; ?0 mere.pgrfér%kﬁgﬁgﬁng éonnerc?g%l'??ﬁs hobtech;
St ockhol m SRy Wy Oh Dgelugrd ¢-2. 98 bt EQO /WAP PorSVAB06M8. | i pore, 15 Bedford,
MA) according to i@gampﬁwﬁwfh@merﬁemsrcm, SR a figs ofIBS HldnRGE el sewher e)
with 2-5x105 (IFNy) or 0.4-1xI G (I1L-10) PBMC in” each well. Peptides were
assessed i n SuprEaeRbhasmSicr vt higrsrpaion sy bnsontibercalmistiblepur i f i ed
protein der kyglhyt hdPPiRI4 ) sdcothdd{Re) iRSditebid ﬁwm@apﬁﬂ;im&(zﬂmmﬁ%nmr k) (20
g/m) was included as a positive control 1n all assays. 20 Pepti des:
Synt heti ¢ peptspeieschye pry o the Erassarntinedrhareinlonptegs iaaembdivelsprissiint svi | | e,
Al abana) !VBSS-speﬁl%méﬁaﬂms@&&bi&é_é’h&ly@romtmng& S%rgcﬁlﬁt'sbfam henticity and
>70% purity. Digestion of gliadin (Sigm, G 33 100-ng/ M) with
a- chynot rpphavesiiss; gngeptiaalypagrpssing firther, nagenisals ef thoiymtomtByr oom
tenperature g BrodudMs2RaNERHEER pdult cBMnbiieRRRE YRS hal ted after 24 h by
heating to 98 orulg m nutes. %&tef’cghtfﬁﬁuga€¥@n (13,000g, 10 m nutes),
the gliadin digest supernatant was filter- sterilized (0.2 nm. D gestion
of gliadin was verified by SDS-PACE and protein concentration assessed.
a- Chynot rypsi n-digested gliadin (640 .g/nl-) and synthetic gliadin peptides
(15-ners:  168rodyeinfhat eanfade mpiapt gliadia profeins pagroteis diaf pampriseiual |y 30 treat ed
W th tTG ¢S giBencd eapabRbs 4cafls $UnThiaghtistPBS + CaCl2l mMfor 2 hat 37C
Peptides and peptide pools were aliquotted into sterile 96-well plates and
stored frozen atThe pyentignproyideyg@roder:t thatesmpeses the ogtant\aipdiayrogine 73

PCT/ GBO3/ 0245&r&5}n that comprises sequence capable of acting as an antagonist. This is

typically derived from or comprise plant parts from plants mentioned herein which

express such proteins. Such a product may be obtainable directly by harvesting or

. 20 indirectly, by harvesting and further processing the plant of the invention. Directly
obtainable p'roducts 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 nuirient value) by human individuals.

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

30 disease symptoms after such food is ingested.

The invention is illustrated by the following nonlimiting Examples:

Example 1



Am no aci d sequenci ng of pepti des: Reverse phase HPLC DusecLHa %oB rify the
peptide resulting fromtTG treatment of A-gliadin 56-7 Ao élgtgroduct
was identified and subjected to am no acid sequenci ng (autonat ed sequencer
Model 5 494A, Applied Biosystens, Foster City, California). The sequence of
unnodi f iv@sloz @63 75 was confirned as: LQLOPFPQPQLPYPORESRR. e | D NGO 5),
and tTG treated G56-75 was identified as: LQQPFPQPELPYPQPQSFP ( SEQ | D NO
11). Deam dation of glutanyl residues was defined as the anount (pnol) of
glutamate recovered expressed as a fj%r cent-of the conbi ned anount of
gl utam ne and 10 15 and 17 of
the amno acid sggéu%%%?ﬁg%plkgeﬁ%{ﬁ%@g? g%hg%/‘?érel%bfa %ea Stgt OOft% ?’G was defined as
(% deani dat i &ynﬂlcﬁc 1gtouet papiides tahspeinthe canfBit sequned! pBPy cdecietiggldean dation in
the untreate pt % I d peptide).
CD4/ CD8 and % Agﬁ&fﬂ e%@?lleé |%gﬁg‘g\}n?e% 5 aﬂo{hﬁ& %tg%%fed magneti c
15 beads (Dyw@li tTGAs E@Pramrqmg thmgltmsm@dsefmﬂnchlmmso wiMehlsRPM  t hen
i ncubat ed t tivated human
AB serum (\é\%? Q%F %{ﬁy ;}%ﬁ?ﬁ@a&p Bﬁﬁ%ﬁ%g@ﬁ%ﬁ&l{%@ﬁgﬁsggﬁ&% Sg%’?ermved usi ng
a magnet andavotighd mssitalitathai cpdops Gepriadidg” dr flexidvgipnHindy bdvagsutebd &stri cti on of
the i mmne r o Qs i - 75 was established by
i ncubat i ng ﬁ%%?ng b c%r;[q;k;f%ﬁ?j %gd %%ﬁ%g% A-DR (L243), -DQ (L2), and
-DP (B7.21) nonoclonal antibodies (10 gg/ m ) at roomtenperature for one
hour prior t %dAd tegrin
expr essi on b@hmq@z?a nérl}adzgg Et}‘c g’?{% rle %n es E{ﬁﬁj@ d'?mﬁ hogé?l%ﬁ&lle; I nt eraction
bet ween etdot hel ﬁmdplhmdwywphdwtse‘ﬂfa@oelgs dlns@seflammastoa,tdeﬁneﬁcbm ng of
or gan- speci f}j Wfs?a! i I terodi ner a4137
is specifi CEJLb enl:é/ %Qﬁéﬁﬁ%g% @gmiﬁg?%m{%g?ég let;l;{}?rep ocytes, and aED7
is specific foarradcqs if md@fbghlhe{cmmmmgmlph@myd éndly inpdditien tgiteirasmd! ski n.

Appr oxi mat el 0 9@55 24(37 and are
presuned to %létgl} %86% fieén%%'{ehtgQgésg%%wﬁ%g%gsg%aﬁ?ﬁﬂl\kﬁﬁ% ée]; peri pher al
bl ood T cel I@dmlprd@ghoeaﬂtc@ﬁlreeldaysnbmSm@hb@qnbnu%@a&dammﬂe@tﬂw th antibody
specific , for Bk r or aEQ7 and
a4pP7, res%)eclp lﬁluge 'I(O%Z‘gga?ﬁ)hﬁ%tl or%lé/a\%rg% %ﬁJI ?S“%fég‘szg"zlé?" Qljc-:ztgezrber 2006 WO
03/ 104273 Pﬁ#@ﬁﬂeﬁ@ﬁﬁtﬁcmﬁg the bvashiserbigd et apegue offriclicidsensal | ows
determ nat i d I | t hat may
identify thgﬁs"’gQisﬁiegﬂagﬂ%%%&ed%gﬂve gégﬁgqgoglﬁl??izéégr.ega(%t e éeg'?l ngly, gluten
chal | enge i rbothi subjetts smmmemmtmmdmnmgbmolmdmmmcm s to the

S(r)rg/(l) | int es%a??éfteh%ﬁhﬂ%t%ﬂ@ﬁLfr@eéi&()t infra-epithelial sites), where over

Q«d

20 PBMC responses in IENy ELISPOT assays fo _A_—giiadin peptides were not
: found befors 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 [a). 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 IFNy
'responsés 1o 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 IFNa



5 |l ynphocytes express a4137. | mmunomagneti c beads were 5p!‘r:)e ared ﬁéj used to
depl ete PBMC from coeliac subjects on day 6 or 7 after B P@ 3 day

gl uten chall enge. FACS analysis denonstrated a E beads depl eted

approxi mately 50% of positive CD4 T cells, while (3 7 beads depleted all-(3
7 positiweofind27T cells. Depletion of PBMC using 10 GiM4ycmsiofsso 7- beads, but
not CD8- or a E -beads, abolished responses in the interferon gama

ELI Spot. tTG gliadin and PPD responses were abol i shed by CD4 depl eti on,

but consistently affected by integri e speci fic bead depletion. Thus
A-gliadin 57: ic T cells induced after gluten challenge in
coeliac di segzzen%gré%}ggﬁgh% integrin, a4(37, present on |am na propria CD4
T cells in 15 t [&e pitmhbthdy indiestadithagthe Eﬂ@h’f)#@@m@lﬂﬂm Copliacel’'| Epi t ope

Lengt h Previ 10 in length
spanni ng 209t th %’ta &&%ﬁéﬂgﬁﬁm%&gg‘ ﬁa%pqogﬂo fgml %Q%d%g?ﬁdl n indicated
that the 17nwes reaﬂalgme@meﬁmmplrml dpgls B@@E@ng@ ems@y isicpefpeesfonaxi mal

responsesi n, %(% bl ood
rmnonuclear cglH %ﬁd %n cogloﬁ"lsgéctjo\%?{(iJl i ?g&g’ %ﬁé aggéﬂafter comenci ng a
3-day gl utenCQ;lBlabllt@/rrFQePﬂO%SPWéﬁiﬂﬁ des repr esentl ng expansions formthe core
sequence of the dominant T cell epitope in A-gliadin were assessed in the
| FN gamma ELI SPOT usi ng peripheral bl ood nononucl ear cells (PBMC) from
coel i ac vol ufivadies sdape-Beadin/ENgfinduetion dniféricdated deglidivpsptigdsut en chal | enge
(=) Peptide 13 ol bt BeaPdthaCRhRe ol ARHBY bugPBRL helRed o1 S8 72 CEGS
(15ner), ..., e 2/7. 52-78 SE65 (27/ne shown in Figure 11
expansi onoof Ta‘#ml)lbfgﬂﬁwpmeﬂimg @G@E@ﬁﬂ@r@éﬂtﬁh@sﬂ@h@@@@bst antially

enhance resp &%HEEE@ { Exadpies. 5 Decenber
2006 WO 03/ %@j‘g@dﬁp&?&%y 024 Ormﬁ%oo%h?gra terl sem:ﬂ 1gonelejgt and

ant agoni st agliesdinicoypasentpelgiting Ny fom PEYICEed igae Ag Lt ISPk pt | des. Exanpl e
6 5 Conpari S%@ags)flﬁug belr AR 1FN ESRED sk n AL NB resh ¥R 6 @Fdfrbaidged T cel |

epitopes in I ac” di sease Dose response studi were performed using
pepti des cor peptgrsidpmig- ﬂmﬂﬂe@mmﬁﬂ@iee‘@fea&QMWram@Pﬁpaﬁ*ﬁﬁwﬁ reated peptides
correspondi NgeohaL of of Fﬂrr‘% rgyggg&eagggggﬁadm%f&eeahragsmpftb fouldafdtler €I ONES and

lines fromintesttna coel i ac subj ect
bread challenge. In none of these Coeliac disease subjects did EMA status change

-

from baseline when measured for up to two menths after bread challenge.
PBMC from four healthy; EMA-negative subjects with the HLA-DQ alleles
al*0501, p1*0201 (ages 28-52, 2 females) who had been challenged for three days
20 with bread after following a gluten free diet for one month, showed no IFNy
Tesponses above the negative control to any of the A-gliadin peptides with or without
tTG treatment. Thus, induction of IFNy in PBMC to {TG-treated Pool 3 and A-
gliadin peptides 56-70 (12) and 60-75 (13) were Coeliac disease SpBCiflCl('?/S vs. 0/4,.
p<0.01 by Chi-squared analysis).
25
- Fine mapping of the minimal A—g!iad;‘n 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 Span-ning 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)



10 Responses to peptides were expressed as percent of r onse -gliadin
57-73 QE65.' Al subjects were HLA- D@2+ (none were Dﬁégceilﬂ?régg i es

indicate that A-gliadin 57-73 QE65 is the nost potent gliadin peptide for
i nduction of interferon gamma in the ELI Spot assay using coehac PBMC after
gl uten ghshdRM3e (see Figure 12a-h, and Tables 5 and PQ‘)”GB};%&@@COM and
third 15 epitopes are suboptinmal fragnents of |arger peptides I.e.
A-gliadin 57-73 QE65 and GDA4_WHEAT P04724-84-100 QE92. The epitope is
only nodestly bioactive (approximat eﬂ/ 1/20th as active as A-gliadin 57-73
QE65 after bgﬁgggssbéop%ﬁmficﬁ-ﬁﬁ/%%emﬁrﬁiﬂ%ﬁﬁﬁ&% 465 is nore potent than
ot her known cell epitopes’in coeliac disease. There are 16 pol ynor phi sns
of A-gliadin 57-73 (including the 20 sequence PQLPY (SEQ ID NO- 12))
anongst sequ | agh o) I bt Yo ssed next.
Bample 7 Cormarilin B068 pR O erd A Bt Y B BRPESC T 1
responses in g¥fitpheral 25 bl ood The rel atl be contributi on of the dom nant
epi tope, A gl adi ppbd adfuCBlmnsdha thid Bhlenbe Solibail SEROMRGabP 1IN 11
coeliac disease is a critical 1ssue. Pepsin- trypSin an

chynot r ypsi. n-adinglerasigctiiat efpdimprgpalyueihan thedereitprpiide. yAubeacids anti gen for

devel opnent =el:] gL I i I However, it is
possi bl e 30 '? E%gn@%e%%?g?te%ggfstﬁén%gggtrﬂé%\e/@? llﬁlrdgﬁﬁﬁﬁtége?? Ig‘:\—n pepti de

epi t opes. | nddadin 56-¢hRApwespseferentidilydesnidatad bif tTE deso Figim &htBie@tiityi adi n

gener at es t herpeRbdsA6restdndlR = Yoiiadi@d<d S @ truncati on of
the opti mal ep?étzlb@pes 5 f@@en%é’?g%%a&v\o o%’ﬂ%%%% g&*?‘f‘l‘#%@%/ 02450 48
sequence L QPEREPED VaSHE) 1ep)agedQBY, v(zs equivalsuitedhe same peptides

Transgl ut am RAg&ydLEALTERLLSAP ' YRd t y of chyno sin
e digested gli S%Ii r% in proal I fe?“‘%‘f@%dﬁ@@s%?gh%%‘:@g@ﬁté?ﬁ@@%é’gﬁi c T cell

cl ones and | itpgster or plopg; @ith B adié ait enhande putigenicityed the d7-olwindetlypsi n- di gest ed

gl i adi n (1t TG QiR distke Bctsuild (RS FAeis! b 960e indillie@SPONSES agai nst
this mxture may aspr%xi%%tse the( "%&egfﬁggaﬁgg?ﬂg%%gﬁ%aﬁ@r al bl ood

| ynphocyt e spe@hsigutigre rgiiduagiofowedypretisesio gliadin peptidsppormses agai nst A-gli adin
57-73 QE6H ang,tidfeddlyirpd i Vidd v ' e L€ n indication of the
contribution of thi sydqrri nanm@?%éggﬂeaﬁgg&%ﬂe ov_erﬂllée}lmﬁ?n%ﬁrune response to
gliadin in cégEnpesiumiestispdaiscagehdlhgtefue, he immwodeninat §eellspittpepas spr eadi ng. 10
PBMC col | ect ggqRA ggﬁ INg gluten challenge in 4

coel i ac subjects \?\it?%qlgqggggg%?qlﬁgégs rg@b nse studi es using

chynot rypsi n- di gest ed 3

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

20 In two Coeliac disease subjects homozygous for HLA-DQ a1*0501,
f1#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 Cosliac 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 CD;i T cells in peripheral
30 blood of Coeliac disease subjects responsive to a tTG-ireated 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-



gliadin +/- tTG treatnent and conpared w th ELI Spot respanses t opti mal
concentration of A-gliadin 57-73 QE65 (25ntg/m). TTG ti)@g‘f%ﬁr(&g@ggl iadin
enhanced PBMC responses in the ELI Spot approximately 10-fold (tTG was 15
conpar abl e to bl ank when assessed al one) (see Figure 13a-c). In the four
coel i ac wouhjoess studied, A-gliadin 57-73 QE65 (25 ga/dHodnakd cited
responses between 14 and 115% those of. tTG gliadin (500 ncg/m), and the
greater the response to A- gliadin 57-73 QE65 the greater proportion it
represented of the tTG gliadin respoﬁ%e. Rel atively limted data suggest
that A-gli adésgbcé d?—ﬁA%@l@ ﬁ(gg%ﬂﬁeﬁl* A. %@g@ﬁ%ﬁlﬁ%ﬁi&%&a&mﬂ? gliadin in
sone subjects pltope spreadi ng associ at e nore evolved anti-gliadin
T cell res poﬂgeglm’a\gtlyabmdms Q@r Etitied parighdrd blocdHiNgirdspanssie of A- gl i adi n

o oD ! Sl AaaBb AL RARPART TN 6 8S iR Ak RIBOd | . some

i ndi vi dual s. |top tainedin individuals with |ess
strictly gl fma@dQﬁﬁ é%llddlep@ﬁd@&t)@@ampla'@ up toD@Fld imoreoheell$ indhe IENE n -pept i des

bi oacti ve, | Q%Tﬁx grh@ﬁli%@ 6?2' ylghupé]egm,gn s of A gliadin 57-73
t

{4
Over | appi ng msr pel1 annin conpl et e sequence of A-gliadin 30
were assessed i n\ﬁéﬁrld'eqdellbﬁrat@}amﬁmcyﬂus Becliapvigmsschoerifivdiell sgitppence in coel i ac

di sease. A- s iwadi n protein and
gene, but i s‘gg{ ?Om eﬁrcg‘%eﬁ caﬁ(? Shfo%éér%(s}? ?I }ﬁ%@ %ﬁ ?ﬂdﬂ%l n proteins in
“wheat . Twentgpssﬁlmw offinethddalogicd améw@mémammmemsvorﬁwﬂgom GB03/ 02450 49
~al pha-gli adi v, in data bases,
Swi ss- Pr ot %J%EF@WE? ﬁg?@@? |I%g£]t§ t%kﬁglﬁg%ﬂgﬁﬁfﬁgﬂgﬁp ?ﬁttg Cont ai ned
within thes sn%mﬂallfplhﬁngtiﬂlra@tﬁbussht?tt-ﬂleqd@néca@ be stilgedior Wpﬁp@ﬂpmr phi sns of the
Sequence Corﬂn%gg&gr'eg&aﬁé?lge Iﬁﬁsgis&) %g{?vﬂﬂ?l% lgﬁgtﬁ ? ath-E?aR}h oiyl)nmuﬁe Synt het Ic

pepti des correspondin ese 1 n an unnodified form
af ter treat rmesponsed @hﬁ-&lmé}nﬁgltldtsam%a@eﬂ -13 quuﬁed by 6 medily elisituihe h gl ut amat e

Substtut o bndRThid Rold {AMEVRLERL B REGAYL Roflaghd Al ©7-73) were

assessed using m coel i ac subj ects, nor W ng a gluten free
diet, ‘day 6 or Peanseeye hgyepsssssedondy Peeﬁyespamlmaﬁ-shafd@r @iﬁfeg@m ELI Spot

assays. @ UGPSR iShs b dih P ARt LIRS G Gbsid br e©
concentrati ons % u% %éi g‘%g ! (f ?Hm%}; e and
transgl ut am Grelie-discesat Ie:deeg,ébq weu@cb: smﬁr@e atsbesef thateplto%mn%@liadin only.
Bi oactivity yMas .exph Y (SH 381 & ) A 9! 1 adin 57-73
QE65 25 ntg/ Yﬁ\? ienéfén I VI &Jg‘?Qs u\gj ec(fs. 2 n':Z : i %eg%—llg[g %E .Eh

(SwissProt and Trembl accession numbers: P{)2863, Q41528, Q41531, Q41533

Q9ZP09, P0A722, P04724, P18573). However, A-gliadin peptides that have

20  previously been shown to possess bioactivity in biopsy challenge and in vivo studies
(for example: 31-43, 44-55, and 206-217)* did not elicit IFNg responses in PBMC

following three day bread challenge in Coeliac disease subjects. These peptides may

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

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

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



Bi oactivity of "wild-type" peptides was substantially inhcreased -fol d)
by 15 treatnment with transgl utam nase. Transgl utam nasé;B?(f'e eﬁ@&@’sof

Wil d-type peptides resulted in bioactivity simlar to that of the sane
pepti des substituted with glutanate at position 10. Bioactivities of five
gl ut ametyp gidesbs t ut ed peptides (B, C K L, M, werecriieihat of
A-gliadin 57-73 QE65 (A), but none was significantly nore bioactive than
A-gliadin 57-73 QE65. PBMC responses to glutamate-substituted 20 pepti des

at concentrations of 2.5 and 250 m:ngm were conparable to those at 25

/m. Si ' - adi i ke J, N, O, P
g X G L&@g@@%{dgﬁyg} SRR AR RpBRRE h Ak bnol ) were

<15% as bioactive In 57-73 . Oher” peptides were

i nt er medi at emagnitisiecae tessithaml 0% the gagtitudy of thyirdspaissitodier | ved peptides are
equi val ent i, ® A= gl adi b [ 3i.560nah S on iR deue@t | on by
transgl ut amlﬁlﬁé@%@&%f]%eﬁt' gl gh‘ﬁglﬁ‘ ?Ig%fg’i %ﬁle 25 pg%yr%r phi sms of A-gliadin
57-73 al so eripsxiuce Tutat gietin wWith cidegetos als¢mdimmumprepdigitiut ani nase nodi fi cation
of peptides fromseveral gliadins of Triticum aestivum T. uartu and T.
spelta may be capabl e of generating the i nmunodominant T cell epitope in
coel i ac di selsmpleGenetic nodification of wheat to generate

non-coel i ac- ' DBY. )] 20Ul L e e L RE i fication of
mul tiple gl i%géﬁqg%”rl}g@m %gé'aojt&%%%alggg ' lgeg?’" IC(t)ﬁt lggl?&r??éﬁg gainiq%i ns or ot her
protei ns or gapgki des i ncorporating sequences defining altered peptide

| i gand ant agoni st af, A ghdiatl Bealralt destdddfofth bRk RakalPoctidial €9y to 5
Decenber 2006 V\zﬁ%%ﬁ"éﬁlgm g,CT)ﬂ3 T'(’)??}3djéal?ltlSO (5)0 géneratgo genetically

nodi f i ed 10hewleat ghiading wastabressedusing Fynthetie peptides ppamsponding to grpatallyy  coel i ac

di sease. Ex wRich WO afh 56, RbAPREmRR G GNGE pept@PAr i son  of
pepti des co%@%ﬁ?ﬁéﬁ%cﬂc%ncat?ons of A—g?ll adi n 56-75p?‘pr om the N and
C-terninal iwde testedid an BRISPOR dn hovame supremdavibFBM{s frpmded pmepi t ope is  PELPY
(A-gliadin 6 : fA: et RO hsiksSshepd antagoni sts wil |
focus on varslﬁgjg‘?%asodgc_ﬁ-ﬁégﬁﬁ%gxl lﬁﬁtﬁg’?g%g‘lfg%% uted at residues that

subst ant i al | uniQorgastiviey dympuabiptoitiedi-giadindT 79 Eéypepiedeficdes corresponding to
A-gl i adi n, 57 73, CEOS, i {3 8nd ekt GHE AR prBfeins InkHleRtGreaBbguUr € 16)
substi tu'?sed 'ir%lgglrem %i%\ﬁggﬁg%)?gﬂlm g\(/ve_r e{:‘ﬁclggnlpar%d “'h the |T|§N Sgam‘na ELI SPOT
“usi ng peri phidehito pidewdhisGertizndijeesarspesidic inmynPBvENsT (Table ¢ and Higee vol unteers 6
days after cgmrencing a 3-day gluten challenge (n=8). (BL is blank, Eis A
15 gliadin 57-73 QE65: QLQPFPQPELPYPQPQS (SEQ ID NO 2)). It was found that
resi dues corresponding to A-gliadin 60-70 QE65

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

Kingdom. Coeliac disease was diagnosed on the basis of typical smalli 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 quantitgted prior to
EMA, none of the subjects were IgA deficient.



(PFPQPELPYPQ (SEQ ID NO 14)) contribute substantially @ t he bi %pgti vity
in A- gliadin 57-73 QE65. Variants of A-gliadin 57-73 é BC esrt% ted at
positions 60- 70 are assessed in a 2-step procedure. Initially, A-gliadin
57-73 QE65 substituted at 20 positions 60-70 using 10 different am no acids
W th conyeagioksdg properties are assessed. A second Peqiihe9h4dy 9l 1 adi n
57-73 QE65 variants (substituted with all other .naturally occurring am no
aci ds except cysteine at positions tll%\t prove are sensitive to

nodi fication) are assessed in a second round. 25 Exanple 10 Agoni st
activity of substituted variants of A-gliadin 57-73 QE65 A-gliadin 60-70
QE65 is the core sequence of the domnant T cell epitope in A-gliadin.

Ant agoni st adutigan fhalsegd Seclipeptehdgsubjasisifallowingeielumiise dph opmeate nost

| i kel y gener Dk ' i « hed al ly,

A-gl i adin 57%%%%“‘&%%%%%2%%? %{ﬁﬂlg{m%‘éﬁi R o VA Sﬂé%‘? 10 different
am no aci ds Wwieady) dadlsifordor | higys. Fidbh wpa dsiegsedibe wetkdefprrad uplg tvey t he | FNgamma
ELI SPOT usi ng .PBM5 ' Tl , 4pg. 3 day
gluten chal 1 2ane g CARAGR AT HLRE] Melns SR PRI, B 03! 104273
PCT/ GB03102480te5 free dgt-fpFourmaesicapsuapd Sey wuglict meludieg fireheearf ot her
naturally oc ] am i | : | .S 61-70 were
al so assesse@g{eggé}ﬁmgg%%?qg‘tﬁg%%? %%%Eie%%}éﬁ%@%?@%%@ﬁtmgi;&% ﬁhﬁ duplicate)
wer e assesse#ixdaisng PBMC from 8 subjects and conpared to the unnodified
peptide (20 replicates per assay). Previous studies 5 indicate that the
optimal concentration for A-gliadin 57-73 QE65 in this assay is between 10
and 100 neghlfiNy aréHul & BLIGHQA: BRMF eeraerarsd fremn 0 M genopsPlegddy f ormi ng
cells (95% 0.1 o Tl . Vot v ;! AR onse in each
i ndi vi dual . ﬁ%@%gg‘@gﬁ@@{ﬁggﬁ%a@?&ﬁg@ﬁ&g@%gﬁgﬁé ELI ?Ig%"%er esponses of
nodi fi ed pephicdmplett®RMIchnizgnig B7: Ipat icegsied Supur AR gom H4SREr e defined as

having a grealgx S ,@aﬁsecr&t&ﬂﬁfﬁwarﬁhﬁé wekeGRrfHhedusi tohm@Eiasi gni f i cance

of p<0. 01; partial agonists as havin a response |less than A-G 57-73 QE65
at a | evel okitsd{Mghiesh; Stapidelmy Bweslen) voth 96-5¢H platsh MAE TS Millipgie. bei ng not

signi ficant|y.di a0 . k bR Bicriat-Remierept | de) .

Pept i desal\?vi t e%g%h@?%%@?@% y %&gagﬁ%ﬁgggﬁlhaﬁ Sof CK_- gl i adi ?16 )27- 73 QE65 15
wer e consi dewsh 2551’ (NP 0A3KIT HI-18y PEAR meggenivadl Sentidesassess f or

- antagoni st i Caisg%géd\{% Hl%gcﬁéﬁgls,gﬂ@w’c ARl R Sis fufifiéd proteihne | FNgamma
ELI SPOT response o MCto A-glradin 57-73 65 Is ighly specific at a
nol ecul ar | ederivativer(BFD RE4% (Seposinstituim Ceppnhapen Penmark)(2hwarel) %hs 65 (E65) and

| euci ne at p&%ﬁ;ﬁé&@a@@siﬁv’e@éﬂmiﬁ‘E‘JﬁiasEa‘}s.a | esser extent @63, P67, Y68 and P69

20
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  NHHCO; with 2M urea and was halted after 24 h by heating to 98°C for 10 minutes.

- -After centrifugation (13,000g, 10 minutes), the gliadin digest supematant was filter-

sterilized (0.2 mm). Digestion of gliadin was verified by SDS-PAGE and protein
concentration assessed. o-Chymotrypsin-digested gliadin (640 pg/ml) and synthetic
gliadin peptides (15-mers: 160 pg/ml, other peptides: 0.1 mM) were individually

30 treated with tTG (Sigma; T-5398) (50 pg/mi) in PBS + CaCly 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 umtil use.



20 are particularly sensitive to nodification. The sub uti.on 1 and
Y70 both generate super-agonists with 30% greater bi ozsaéc?%?ﬁr?lg? ?Rg t he
parent peptide, probably by enhancing binding to HLA-DQ@ since the notif
for this HLA nolecule indicates a preference for bul ky hydrophobic resides
at posi weasedkrfind 9. Ei ghteen non-agoni st peptides ppicRodeaat i fied.

Bi oactivities of the variants (50 ncg/m): P65, 25 K64, K65 and Y65
(bioactivity 7-8% were conparable to blank (7% . In total, 57 nutated
variants of A-gliadin 57-73 QE65 weré°30% or |ess bioactive than A-gliadin
57-73 QE65. The nol ecul ar specificity of the peripheral blood |ynphocyte
(PBL) T cell response to the dom nant epitope, A-gliadin 57-73 QE65, is
consi st ent | y Amépruoiduegubicsg o3RpdroRgsirsciihive BERS weoekd apuiliicect s, and is

hi ghly speci r n e core 7 amno
aci ds. OertaF%P%g%%S gglr%ﬁ&ﬁgégrc%%gfggh S %19 SA?‘ %%feﬁ%dhc@g%@m QEGS5 are
consi stent| yldﬁmrﬁeégnd"ﬁublbcsedltmmmhb achl saqUDGEng (eﬂahatalcsecalmlu]eddb@l 5 Decenber 2006
WO 03/ 104273 ty of

substi t ut éd \4/5{%;%%%{?2 %%S%gtﬁlle:qﬁgﬂal? IED%) ﬁg%%%%’ﬂ qtfu%%edé%eg nse to

A- gl i adi n_57G3@ 7 Eesonfirmsd HLEQDQB?PQfQéPYB@PQBFN&%HENQghsn@TGhat altered

tide li fg, i st,
even though FRESEC "ERRiEL & ror BRrRE Dy ARG R SN B 1Y O ona
APL ant agoni Besnidation gégheamayl Feyiduas ales éﬁ@@cﬂ a5 tts amowit (pmph o€ glatamate ngl e ami no
aci d-subst i t%%%re\é%& I'(%Egdgenéeﬂéﬂt%glt 11§ed a&%untgo:‘%?ut%lkg agonl st aCt Vi ty

30% or | ess have en I are Sul € can dat es as APL 10
ant agoni sifs. glimatd dictveeed in @yeles ZdnS, \malﬁlalgd Hqﬁﬂ:cammeaqumwblhgt occurring

pol ynor phi s ”Bea.nﬁzlatfb\‘; %lbﬁt%l? oG s SRR a@?@)’ g %.JLI&?OIPO%% {ﬂ%}%qjlll {hf led (see

bel ow). and nma occurring has al so been
suggested t ha’IIG tomtep ptpitits oA deahmdatmn m@emgtrcfe‘tdd:pmsle)a(w@ HAricagidatios e

ant i gen-spec ne. Hence, non- gliadin peptides that do not

i nduce | Fl\lgalmheun&&edrﬁs i'n coeliac PBMC after 15 gl uten chal.l enge but are
known to bi nGM/@mwaM&WE@f@awablne-W or gt irgatid megblic r esponses

elicited, 7 dly to HLA- D
are HLA ¢ ass a% @g%rtgg ?é&& %Y%W%&%m%%b Q‘T\‘To 15)) and
thyroi d per oxitdBBEC(in pmp&&zﬁfw&wgmﬁyw@mmmmu@se@ s&umNQO 16)). 20
Si nul t aneous [ e, 5 r liadin 57-73
QE65 (10g/ n1 ﬁﬂjﬂ lk@gﬂ i %1?9 u%?én%%&g%%% oe%@an@ol unteers 6
days after- cmﬂﬂmmmng cmﬂtdylrgfllmfﬁm dhm[ﬂ] restripgion mfi&)lmmﬁmeﬁlpb&emr e expressed
as tTG-treated A-gliadin 56-75 was established by incubating PBMC (5x10° cells/ml)

20 with anti-HLA-DR (£243), -DQ (L2), and -DP (B7.21) monoclonal antibodies (10

ug/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 eufy is

specific for lamina propria gut and other mucosal lymphocytes, and o°p; is specific
and intra-epithelial lymphocytes in the gut and skin. Approximately 30% of
peripheral blood CD4 T cells express a4f7 and are presumed to be in transit to a

30 mucosal site, while 5% of peripheral blood T cells express o5p;. Immunomagnetic
beads coated with antibody specific for a.® or §; deplete PBMC of cells expressing
aEﬂ7 or aEﬁy and oupy, respectively. In combination with ELISpot assay,



response with peptide plus A-G 57-73 QE65 (nean of dupldcate %
response with buffer plus A-G 57-73 QE65 (nmean of 20 rée ?ciegiieééé(')(i/( See
Tabl e 9). 25 Four single am no acid-substituted variants of A-gliadin 57-73
E65 reduce the interferon ganma PBMC ELI SPOT response to A-gliadin 57-73
QE6S ( pwh Bhbaz7Py between 25% and 28% 13 ot her pept ipge,casdadt s reduce the
ELI SPOT response by between 18% and 24% (p<0.06). The HLA-DQ@ bi nder,
thyroi d peroxidase (tp) 632-645Y reduces PBMC i nterferon ganmma responses
to A-gliadin 57-73 QE65 by 30 31% (p%b. 0001) but the other HLA-DQ bi nder,
HLA class | a 46-60 . al espon (see T 9 and 10). The
pepti de cor rléné?:'%lﬂla?%at%ﬁj ggdad‘é@%tgﬁgg ustdg%mﬁgaggg%?ﬁgg? ??pgéﬁglg?@rmr phi sm of

A- gl i adi n 57zdd@ssiBwpsssndiat accidssifiohesn oalls a:POHIRRF0 a B82c088 sBfaBecenber 2006 WO

03/ 104273 PCT/ GBO3/ 02450 g égpg 1 17)) reduces
responses tg;{lf&feé l}g@déﬁén@ﬁ%g@ggg%%%@@gggga Féee g e 11).

| nt er f er on ganremnksEsnsEsmah plRBidInttdnté-egitheha isitesh ¥hdE8o@EBBs i n ELI SPOT
assays are reduced b -adm nistration of certain single-amno acid

A-gl i adi n?57§’?§h°°gesé%§%\??% ants, a pol ynor phi sm of A-gliadin 57-73 QE65,
and an unr el at ed ipeptone gnekaboars weoe yépackd kihdAs8IQR déphetd PRMCfioind excess. These

findi ng suggest that. alter ept.l L. ] i st A-gliadin 57-73
QE65 exi st. Ngﬁacgﬁeftsﬁﬂtd%t ?e%e,, aﬁﬁﬁghglﬁ?caﬂégg‘%f%@%%ﬁ%ggoﬁ%g tain peptides
that bind ElLwaRRdeafohanted w&bsads degigté afpBlxinfatel,c#1% ofipesivord¥sT t o A-gl i adi n

57-73 QE65. 10 These [fi ndi L A t rateaq | upt the T
cell res ponsceeﬂf’ & hfef ?1@7 be%%%"ﬂ%ﬁ@?zgf {‘%§W£%°@%p@ﬂe§%§?%§{“ oel i ac

di sease. 1. Cp4-ionP shdailnbutabdt AR ot -hepds aisdishet vesmonirs in thenierferomm no aci ds at
nore than one R (g 64-67) se "t j L " i de

phar maceut i SRS aﬁ&épg%r?nﬂﬂés‘[ﬁfe}%d? %ngﬁg%ﬁeégqnﬁeé%ﬁiaﬁ(ﬁgﬁﬁtdibgE’%Igfd eIg(%tlﬁ))atdi n genes in
wheat. 15 2.butsmsistbntlyiatfectaiftyiimegriy-spdcific DA deplelidinng peptides to conpetitively
inhibit presentation of. A-ghi-adi - - i AR M th HLA- DQ2.
These w0 appr oad e AL T Bs Rregihe S Sl nRRRG BEAR A 1 [ TG
gener at'ed bycoelgpldaeisnexpresdihaintgiiy QPwiptebent girlominmpropmiaiftibeelisint i s |i kel y

t hese super-,20 ni.sts resulted frominproved binding to HLA-DQ@ rat her
t han enhggceﬂe?:%aﬁit%(c:stﬁé'mth the T cell receptor. By conbining these

modi fications with other substitutions that generate nodestly effective
APL ant agoni%s 'i@;ght- substantially enhance the inhibitory effect of
substituted -aé!}pl adin 57-73 QE65 variants. 25 Exanple 12 Devel opnent of

i nterferon gapmm! EkdiSpavpadzngth) PBMC and A-gliadin 57-73 QE65

Previous data testing peptides from 7 to 17 amino acids in length spanning

20 the
core of the dominant T cell epitope in A-gliadin indicated that the 17mer, A-gliadin
57-73 QE65 (SEQ ID NO:2) induced maﬁmal responses in the interferon gamma
Elispot using peripheral blood mononuclear cefls (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 gamrﬁa ELISPOT using peripheral
blood mononuclear cells (PBMC) from coeliac volunieers in 6 days after |
commencing a 3-day gluten challenge (n=4). Peptide 13: A-gliadin 59-71 QE65
(13.mer), peptide 15: 58-72 QE65 (15mex), ..., peptide 27: 52-78 SE65 (27mer).

30 As shown in Figure 11 expansion of the A-gliadiil 57-73 QE6S sequence does -

not substantially enhance response in the IFNgamma Elispot. Subse{]uent Examples



and P04724 84-100 QE92 as a diagnostic for coeliac dis erlﬁﬁ?lﬁ%lon of
i nmune- responsiveness in newy diagnosed coeliac disea 3

responsi veness to the domnant A-gliadin T cell epitope in 30 PBMC
measured in the interferon gamm ELI Spot follows gluten challenge in

al nost gl oddedishs coel i ac subjects following a | ong teqqhﬁiowﬁﬁqgluten free
diet (G-D) but not in healthy D@+ subjects after 4 weeks followi ng a
strict GFD. A-gliadin 5 Decenber 2006 WO 03/104273 PCT/ GB03/ 02450 54

57-73 QE65 responses are not measuraBile in PBMC of coeliac subjects before
gl uten chall N o coul d not be
measured in %E%%“%F%w% H%%?gﬂ$%3@' %@?HQgﬁééﬁﬂﬁEf??gﬁgﬁég. & in coeliac
di sease i nmpapdasesponsi veness to A-gliadin 57-73 QE65 is restored
following antigen 5 exclusion (GFD). If a diagnostic test is to be

devel oped using the ELI Spot assay and PBMC, it is desirable to define the
duration of Ekimple§uired before gluten challenge is capable of inducing

t I d h i adi
esponses Ot SIASY ST I DS USRI 0| 200

fromthe 10 gaBtadsemieer ol ogy outpatient service. PBMC were prepared and

tested in interf j commenced GFD
and atone or tmo%&b e%gﬁggﬁmgk*gﬁ%ﬁmgﬁﬁg*%ﬁgféﬁ%gﬁﬁﬁﬁ?ﬁ§%§ gl uten chal | enge
(3 days consumiodgicd agl transghitansiassitated peptid¢s eotsspanding ROD@ dpitopeswéis per f or ned
at one or t K ; r . and assayed on
day six ar e\,@wf n'gpeg%%ﬁ;eﬁ{ﬁl%%ﬂnlhmpg fm%l% ﬁ%%ﬁ%@&%@éﬁ? Fl'ec% 57-73 QE65 (A,
P04724 846 10Resfizo@ t¢ ‘p'}:)ptl(@hwm@xxamd ag partEnid dgspamko A-glladia 87-3 57- 73 QP65 ( P65)
(non- bi oact i V. g/m) were assessed. Al but
one newy di égﬁnsog%ds ot ‘%gHER%@L(&%L%@M one was D@®B+) (n=11). PBMC
fromnew y di agndhesiudmehdmtashat Aeliadivey7e733H65 écihexost potenagliadin | or 2 20 -
weeks foll ow n I QE65 and
P04724 84- 10661’8%?? 94‘390%9%‘#3?@%“‘“ g‘ﬁrgag@@lfe gép%t ésag ui ?géé“u@%ag? |K/I§"antl

di fferent frﬂhmQMamHmﬂm@e@&gmmaﬂthTﬁﬁﬂﬂﬁmﬁﬁﬁﬁdéhﬂ@y&ﬁséemFmgmre 28) d uten

chal l enge,in_coelia did not

subst ant ﬁ%l | SPHERR mgm}g@‘@%%ﬁ%’é%&t%yaﬁwﬁg& ngyg%g@@g 04724 84-100

QE92 (al one GDA4CUHBAR®MH724-Btr{00gRENRe fihe @Fope hedulemagplestly bwe@ivs after

commenci ng e and P04724

84- 100 QE92 glfrg r%]gatglyq}(‘:ﬁgn%{a%&%%ggfﬁ%& wer ngl gni |b?a§Ir{1t¥%1§/btrgr eater than the

non- bi oacti ve vari- gimﬂmAJ{jB Q&Gﬁ mnﬁﬁ‘rpﬁfénmwaaﬁdmhh EYL epAb}Iehmugh t hese

Lgslpggges af (Eo%ﬁac%llslélzt.sg her ﬁ%ﬁm%rplﬂgms“%%kgha\éﬁrﬁ 73 69&&1%{@% they appear to
- 20 sequence PQLPY (SEQ ID NO:12)) amongst sequenced gliadin genes, their

bioactivity is agsessed next.

Example 7
Comparison of gliadin- and A-gliadin 57-73 QE65-specific responses in peripheral
25 blood
The relative contribution of the dominant epitope, A-gliadin 57-73 QE65, to
the total T cell response to gliadin in coeliac disease is a critical issue. Pepsin-
'trypsin and chymotrypsin-digested gliadin have been traditionally used as antigen for
development of T cell lines and clones in cosliac disease. Hoﬁevar, it is possible
30 that these proteases may cleave through certain peptide epitopes. Indeed,
chymotrypsin digestion of recombinant a9~g1iadip generates the peptide
QLQPEPQPELPY (SEQ ID NQ:13), that is a inmcation of the optimal epitope



than in subjects >2 nonths after comrenci ng GFD. Respo tg A gliadin
57-73 30 QE65 al one were equivalent or greater than res%zg?icse@ibetrgg%ﬂm

84- 100 QE92 alone or when nmixed with A-gliadin 57-73 QE65. None of the
subj ects q@)%@g{} ed troubling synmptons with gluten challenge. 5 Decenber
2006 WO O 7 PCT/ GL103/ 02450 55 I nmmune responsi \Pemasas/fras neasur ed
in PBMC after gluten challenge) to A- gliadin is partially restored 2 weeks
after comrencing GFD, inplying that "imgune unresponsiveness" to this
domnant T cell epitope prevails in untreated coeliac - disease and for at

| east one weekS%qfl?f@?QEQB?RQP@@P@@QSNSEQGDNOW(%&&H&@Q of a 5 diagnostic

test for coeli agug 88888 Hs) chal | enge and neasurenent of
responses to A—gln?gadi_n .S.F#ll %@F&%@%ﬁ%ﬁa‘“ﬁﬁs%%@P{e%%@meﬁmm east 2 weeks
after commencfigested el inprofiferation wenyg aiglindis-qrtit T 8g1 coneSinl Snapeci fic to
A-gliadin 57- 78eAEGRnSRRAR ase- ed.ipn th ripheral blood in
untreated coel i gcs, ,zralnd c‘anas%% ?HE@%}%WE’éﬁgeitﬁg@%gm&Eﬁtg&Wﬁawl enge after
at |east 2 weeR¥PERDitahntiEgebnt expinses hguist thif heireé ObEapprokinitiegs Of a
neoded Tor it o rhihd bl HORIAMAOGT: SEisSiahlh <t irinch functi onal
anergy of T cEéfRoascsiaiptA-gliaflip 574 h QEGbmidnEE Llisdpiik m@BLISﬁmgésil {dd 57-73 QE65,
reversed by anddigtBidiofsrGleeShai .. 1. 7hi S, phengnenon has not been

previ ousl y denpnst r at ed in aﬁ%ggﬁ%]%d%‘?@a%%ﬂ?pegﬁe SR dmmEne he possibility
that T cell arf&Pgspe fgliagie in onelise ilisdaee, widtakso b@emédsﬂeoﬂeﬁﬂdpagﬁegdﬂlgpoel i ac

di sease. Exanpl e 18p{enmiise ! ing of \Weat padin T Cell Epitopes
20 Antigen challenge i nducgg&gé}#i%gogﬁ%geﬁ%@?lﬁnﬁm&gﬁﬁ&ll"ﬂ‘ﬁe‘ﬁéri pheral bl ood.
In  coeliac di%Sg#s8ibiegh iewassssedin dosa respoyarsnidlea bsinprthyHictly Pn-difisid

i mune- medi at efladh $£AE | in coeliac diseaSe being treated
with a glut en%:‘ﬂ? ee di et ﬁaté]g&%tn%gonﬁ]%%dWgtgggl’o%?&ﬁ?%om?ﬁfo@’iQBF@’H-speci fic T

cel I's in peri SREEHRIN ofddgliadip SERRREENGS Ot el)."TTGkdgiknt Sftiddpe ol ecul ar
specificity of [ . As descri bhove, we have 25

i Elenti fi edya 5?1%3?%@50@ %%héseﬁ}ﬁ%}%%ﬁﬁ%& Brﬁmﬁﬁég‘ﬁgﬂ&x}@’%t en protein,

A:g: i adin ?579;’“713“@@&%%"@@11aisesswﬂ)one)l(nefigmts.lfalx@rgllt@a foglcggjﬁgdchal lenge in
coel i ac pati eBfifechaBdick SEMiliQ 55 at.enti.a am no aci d sequences in
every known mé’z&f %I 1 lgd%ngla%ir_?g? Z??E%e(iz?glga’nlp,ﬂhqﬁe@{eﬁpogqqﬂaqt@gnilﬁ Genbank. In
total, 652 20/} 1158 kaseeldTGimliadin (6snatnl), pndhderbER HRRdpddkdn BB associ at ed

coel i ac di seag@gdin3BVBHRE 4l oeliac subjects wth the classical
HLA- D2 conpl 2 (ITLA—%%&_ E‘%%t?‘ﬁ§%€%'-°n5€§i$ oE & Hhgtiadip respaape. 909 of
coeliacs had an i FglErey kmirddhth angpest Hiat-A75ia@E6573 QEGS responses are

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

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



and gliadin-specific T cell response in peripheral bl og.di | i ?g?f? 57-73
was the 5 Decenber 2006 WO 03/104273 PCT/ GB03/ 02450 5 %%"3’ ficant

a-gliadin T cell epitope, as well as the nost potent gliadin T cell

epi tope, in HLA-DQR-associ ated coeliac disease. In addition, there were as
many as woofam7i es of structurally rel ated peptides gdiatgosesssy bet ween 10
and 70% as potent as A-gliadin-57-73 in the interferon-y ELI Spot assay.
These new T cell epitopes were 5 derl%/ed fromy- and wgliadin and incl uded
comon sequences that were structurd ly very simlar, but not identical to
the core sequanceafh ge%ealab@@eﬂld%ﬂ@by s@ﬁ‘él [%p?(ﬁgﬂ@ﬁgﬁases@v@:@rRYp (SEQ ID

NG 18)), ' foi exanpl e’ FPOQPQQP 19) and gﬂgFP (SEQ ID

NO 20). Al't h@ldé[wlrﬂ?ﬁ?@b@@ﬁégﬂ@fg %@11&@114‘1&61 ﬁ"@rﬂe‘?@% en found in rye
or barley, t a— Qiibiifs, ¥R 266 BRLR1 dls &p&%s%@ﬁ“eﬁﬁené&oﬁbs%&ﬁ&@tothe new y
defined T ce Itopes in y- and €)-gliadin have exact matches in rye and
barl ey st ora@@h e WETehlééhl ins and hordeins, respectively). Coeliac

di sease npt asso L pddilg tooh @l PhynRlpaxs, iRgsoci ated with

HLA- D(B. ne of %kﬂﬁﬁ 8% cLA— +gcoel i ac subjhag%ts had inducible A-

gli ad| n 57- 7@wwdiied fome, afterdepimeptay maeitaminapgnig et &svihal | enge, unl ess
they al so 15,pag5e Vﬁ&%&ﬁp%']@teﬂmﬂkﬁﬁ%@ﬁf@%@ﬁm sHa) 9ére 4 HLA- DQB+

coel i ac subj %c not possess the corrﬁl ete HLA- D@ _ conpl ex, had

i nduci bl e gI aseﬁsffed upegpt B fromseding subledts, aarally dpyngegiupnittcdiitng gl ut en

chal l enge. | g %rb?? #g%cﬁaﬂkﬂg@ﬁmteﬁemﬂ%\(ﬂa tna@ﬁ . Gleghite-epi t Ope was
identified w ly core sequence L é I D NG 21). The

t ransgl utl&m mthﬁ@%W@ﬁCW@ﬂéﬁh@?G‘JEEFHF%O%S Aeptdige2iRas m)re pot ent than
the non-dean, rRERELAR RSV kRN Skl RSatedDHEAESFert Aiidssol

t ransgl ut am r?g@gﬁgeam a%]él g tid g@\l/\ou aveesPt e se eruence LQDENPSQEQDE
(SEQ ID NO 225)1ncgﬁulton¥m:Baqq@trwtwamstsaw%@fqﬁﬁp?@@i%@w AHdm this  sequence.
Amongst the healts mtjbesg%gﬁnmmamumﬂjmgn@ (s&ithg egts who fol lowed a
gluten free diet for a nonth 'iadin eC|f|cTceII responses 25
were unconmon, s &t hﬁﬁg@dym mh@qsmawbwwéwg@%déﬁ% of@PE never potent
T cell epi tﬁ%ﬁﬁeﬂ[ Qlﬁ?@énﬂutﬂhﬁlﬁe gi"l'a‘ﬁ Eﬂtaﬁﬁlﬁéeltfeﬁ\ﬁ@nt'oﬁwﬁdl@bé &?u&b‘bl ects. In

concl usi on, ere are unlikel nore than six I% ant T cell
epi topes in HEWW%@E’GEF@%‘@GU *@%Fﬁeaﬁn%ﬁeﬁ'@ﬁ%ﬁé‘bswe htamagy i adi n 57- 73

I's the nost @%l(}'—hﬁac%es &e Hhﬁnatpg&s@f&@@féﬁﬁ&eﬁﬁb ¢ogli,ag, di sease do not

share the sa ecifici E’% have own that short-tens gl uten
chal | enge of Wﬁrnai?ﬁ%t!l@ﬂalf§ ghiadip SEEEREGA).driswaseassigriiegingo® gl uten free diet

i nduces gl i A-bifaih 556! 55%@@@&&%5& HRhRAdsubsiged T €quency  of
t hese T cel Igbzl{atsﬁeﬁgﬁ nglﬁ p erQ?33 her al oong da 6uand Decenber 2006
: 20 peptides at concentrahons of 2.5 and 250 mcg/ml Were comparable to those at 25

meg/ml. Six glu_tamate-subsﬁtuted gliadin peptides (£, 1, 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 also exist. These data indicate that
transglutaminase modification of peptides from several gliadins of Triticum
aesrz‘vﬁm, T. uarty 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
a0 ‘require removal or modification of multiple gliadin genes. Generation of wheat
containing gliadins or other proteins or peptides incorporating sequences defining
altered peptide ligand antagonists of A-gliadin 57-73 is an alternative strategy to



WO 03/ 104273 PCT/ G1103/ 02450 57 then rapidly wanes overpt he feoké #\/I ng
week. Peripheral blood gliadin-specific T cells express ?ﬁ?g]q h (8 i n a407
that is associated with homng to the gut lamna propria. W exploited
this human anti gen-chall enge design to map T cell epitopes relevant to
coeliac wher@e®sin the archetypal gluten a-gliadin preiRigizeRsl i adin. 5
Usi ng 15nmer peptides overl apping by 10 amno acids with and w t hout
deami dation by transglutam nase (tTG, we denonstrated that T cells
i nduced in peripheral blood initial Py tar get only one A-gliadin peptide,
resi dues 57- j ks ] - bodid O SiolGR elat ed. The
epitope is I—%‘i?l] g@"ég@?’%?ﬁg , ﬂc}gtntgalttéstﬂ%gﬁ?wvb{c?ﬁhet ﬁ]g ‘shlonti mat e associ ation of
coel i ac di seaskaodiseeHLA- DQ2. 10 Coel i ac di sease is reactivated by wheat,
rye and barl ey exposure. The a/n- gliadin fraction of wheat gluten is
consistently toxic in coeliac disease, and nost studies have focused on
t hese protei Wsamfad@ gene cluster coding for a/(3-gliadins is |ocated on
wheat chrono : et 6. homol ogues of a/0-gliadins in rye or
bar| ey. I—Igwev%ﬁmgﬁfctighr geo}%fg%{u%gce'v\heat gliadin subtypes (a/G3, y, and co)
are toxic 15 in ¢oueipktsen of psptisecorpending iapmecatiogd ¢fAdghadigetrésfieme | ocated on
chronosome 1A {N. . WEaL: 130680 fat Y RLS Lol PEsSE@L NS and hordeins in
rye and barl@glﬁnallﬁ\g?e _ef?aél NOW ge?ltes i%e%@iufcieed %ore 6? %gsl iadins in wheat
(Triticum aBEtHY idngliadimies-68). gitterapts to dslnpmenregsnisiterd apfageatisiHonol ogous, but
t he dom nant ' I8 A A1 adi 4 g St.pol ynor phi ¢ region
in the a-gl i%&‘iﬁ' %haglpagtes&%‘é E:Igi.]ﬂ né%rsg%ﬁﬁeétﬁ §Hﬁ%@%§“§%ve Zgsti mat ed t hat
there areta ¢ootrightedd itsdimchivity50 “di stinct a-gliadin genes in T. aestivum
but many are psu F Ik 4 Sem i X lahad v las8lsl o ePi t opes
rel evant to coel i%g@%ggl]@gtgsggﬁ%ﬁo %&tlﬂnﬁ%’l ﬁg%%dﬁ\?\%ut ﬁ!alr;:i ﬁf own jafzrgl i adin
sequences. Cusinafigeretigbsubsigied for resttiugs Yrioihwet cumard debe@Ngagik adi n pept i des
al most 25 1 Aaghb flind Qoo 1B6H Hordhroled: Ak PRI fror cifhd voRRlebaPes specifi c
e 00 Lf A

to coeliac disease. i coeliac patients are HLA- +, and so far,
we have onl y6 dys sftes cetnmédoing D&Pay ghgen dhaltenga by c (B iableek Egi At en chal | enge.
However , .coel: atk i ) DQ2 nearly all carry
HLA- DQB. lfc-len%llea?ﬁis?a’?s@g?ﬁL@grQﬁw%ﬁé\%@S@eﬁ' -gliadin 57-73 and its
honol ogues i n ot Herasvived that regjduesgodedpondingyo 4ialindim6@H @GSt ei ns are the only

A Do and R QLGB GE Koj R el Al B VORBVOZNE | “dei on of
pept i de’ t her glpdints7 ¢'8 QE6S. Cavehts olcA-diadadd a3 QAEGhsubsitited at pejitionsetlone peptide. 5
Decenber 2 00% ar se(%%d%?é‘ﬂz?p ﬁﬂéu@%ﬁéﬁ?ﬂé—@haﬁ% 57-73 QE635 substituted at

20  positions 60-70 using 10 different amino acids with contrasting properties are
assessed. A second group of A-gliadin 57-73. QE65 variants (substituted with all

other naturally occurring amino acids except cysteine at positions that prove are

sensitive to modification) are assessed in a second round.

25 Example 10

Agonist activity of substituted variants of A-gliadin 57-73 QFE65
A-gliadin 60-70 QE$5 is the core sequence of the dominant T cell epitope in

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

30 QEG6S substituted at positions 60-70 using 10 different amino acids with contrasting
properties will be assessed in the IFNgamma ELISPOT using PBMC from cosliac
subjects 6 days after starting 3 day gluten _chailenge. A second group of A-gliadin



Honol ogues of A-gliadin 57-73 as T-cell epitopes Initial ear cbpse?o%]
Swi ssProt and Trenbl gene databases for cereal genes 0 'ﬁ& o e core
sequence of A-gliadin 57-73 (PQPY <SEQ I D NO 12>) only 5 reveal ed

a/ (3-gliadin. However, our fine-mapping studies of the A-gliadin 57-73 QE65
epi topew®ysaadiesl a |limted nunber of perm ssive poi ntpegitnedazssst i ons in the
core region (PQP) (note Q65 is actually deam dated in the epitope).

Hence, we extended our search to genes in SwissProt or Trenmbl databases
encodi ng for peptides with the sequehce XX PQ | LMP] [ PST] XXXXXX (SEQ I D

NO 23) . HomDkPGYEEGS vaRa WG BstkebteD il difhR HBRAR ocdin@lelafitlloASigs 9! Ut eni ns,

hor dei ns and secgl [ r]‘éa (see"?’abl e 12). eAH%jl}r ?{%r nﬁlgﬁl@ﬁigg%gs was identified
in 0)-gliadi ARt cystaineait PeBkme Al-Hf werhdsa d3seesed. Botlygrpupd ofpeplides (@8s i n Genbank.
These homol ogupsn 0 An Bt Vel 4slaeRES PRRRESSEE afflladean dation by tTG
(or synthesis of c?he’ gl uﬂtla_rm)tt g( gzﬁ)-e%\%sngi t ut ed&[\ga?@fgnt nﬁ n four close

honol ogues) compaggditnige whrodifedmeptie (@hwplicatsspey asi-hPrpdeus phdiesal bl ood

mononucl ear galdls aaf helpidhiaRuERo) fE YR difl s LALORAG SURIGFES. The
co-gliadin seqtj:ence (AA?Gl%?OZ ri41- 1§7§%\%s thfe%'e(b on| yﬁEi osg%tgi ve pepti de,

appr oxi mat el Yettiednfl0ard W8megfmlas A-gliadin 57-73 (see Table 12, and Figure
29). Hence, sear 1s bR Q0L OHME SesBinst T8y} |iadin epitope
failed to account %gﬁ tﬁ)éﬂ?t oxiacllgty %SP “ig‘?’i’ggl n, ggglégs[si_gans, and hordeins. 20
Met hods Desi ¢pnfidmegintestel) 8 Hhept P dés QEpamennmgped in pesh didyidsalwheat gl i adi n
T-cel | epi t opgs ki QUORH 1h Gsel BPbIY ERKPOP RSN 8f dodiifh eyt OPes coded by
t he known V\heg{fau Triticum Saeesti'v_lijrr) gli adﬁﬁdge_ﬁes %r ggﬂgﬁésr agnents (61

al (3-, 470y-withAds §7-63 QBG4S auieragopiss pewglefingd achaiank preatgyesseonder i ved protein

sequences wefg, ald gnedomsindetdnsr St cé/\éi%io.%ﬁ‘é; %ﬁq&s%ﬁ ﬁiviir%n) and

arranged into phyl ogenetic groupings (see Tal Many entries
repr esent ed @Feﬁ?ﬁ)@@tlﬁseﬁlﬁﬂéfG%o?@ﬁgb@h%@@mﬁﬁmﬁ 9-0§ev%nogegrrenté wer e

| denti cal exgRhis hokirg!h6: ety BitroRRt ¥ 01) A6 Bl @RER LT rar e

substitutions. 2, It Was_possi ationallze all potential unique
12 ami no aci erp§éguBaptides with pgopideegtitity 3Rowressthas af A-gladinsi7t73 QFé5 i ncl uded in a

o set of 032 2UEtoRRARk ARRbie3 ParkdPbiOAlis RERND A8eS RANRNGESI YRy NO! 1 NCl Uded)

Pepti de sequences are |isted In Conpr ehenisi ve epi tope nappi ng 5
Decenber 200@ee Tae@30d Bigorgsl 7@/ GB03/ 02450 59 Heal thy controls (HLA- DQ2+

n=10, and HLA- DQgt; ﬂﬁ%EmMELﬂQ?@TR@ QB SprR 19 A Uhis : | for 4 weeks,
and coeliac subj ec?_s SI X HLA- D(%,ﬂmhour c%%p?e;g ﬁ%%é@%ﬁ% es HLA- DQ2/ 8,
and t hree HLUngs exfic ftaawlerylly level Froling b posiiiongh4|(Rdy glutamate at 65

(E65) and leucine at position 66 (L66), and to a lesser extent Q63, P67, Y68 and P69

20 are particularly sensitive to modification. The substitutions Y61 and Y70 both

generate super-agonists with 30% greater bioactivity than the parent peptide,
probably by enhancing binding to HLA-DQ?2 since the motif for this HLA molecule
indicates a preference for bulky hydrophobic resides at positions 1 and 9. Eighteen
non-agonist peixtides 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 QE65 were 30% or less bioactive than A-gliadin
57-73 QE6S. | ‘ |
The molecular specificity of the peripheral blood lymphocyte (PBL) T cell l
response to the .dominant epitope, A~-gliadin 57-73 QE65, is consistently reproducible
30  amongst HLA-DQ2+ coeliac subjects, and is highly specific fo a restﬁc'&ed number of
amino acids in the core 7 amino acids. Certain single-amino acid variants of A-

gliadin 57-73 QEG6S are consistently non-agonists in all HLA-DQ2+ coeliac subjects.



termgluten free diet were studi ed before and on day 6b5?]gd 7baf28h 3-day
gluten 5 chal l enge (four 50g slices of standard white R4 6%bury' S
sandwi ch bread, each day). Peripheral blood (a total of 300nlL over seven
days) was col |l ected and peripheral blood nononuclear cells (PBMC) were
separ at gl Pyjokysphoprep density gradient. PBMC were piiaabAsh W th pool s
of 6 or 8 20nmer peptides, or single peptides with or wthout deam dation
by tTGin overnight interferon gamma (I FNy) 10 ELI Spot assays. Peptides
were synthesized in batches of 96 as’Pepsets (M notopes Inc., Mel bourne
Australia). Approximately 0.6 mcronole of each of 652 20ners was

provi ded. Two marker 20nmer peptides were included in each set of 96

( VLQQHNI AHGSBMESRTY- pept i de 161 (SEQ ID NGO 24), and i5

| KDFHVYFRESRDALVKGPG (.SEQ | D. 25)). and were characterized by reverse
phase- HPLC aﬁﬁ“%’ﬁf%‘&f@%%%@@éﬂ%nv jrélzuzatlsnal ysis. Average purities of these
mar ker pepti des @it nbpliemnd PR T @l pepdnsate Aygliadde p1-7H@E6ere initially

di ssol ved_ i nitril.e (109 ' Hepes t The fi nal
concentrat i oﬁ%’ﬁﬁﬁﬁ&?%ﬂ%ﬁ S%ﬁt%g%aﬁ%&%t}%gﬁg%s %‘F%ﬁe b|5gn6cf'ubat ed 20 with
PBMC for t heantagbiyisninIPBpfil exadwaysy ewsisevEdthpuph e PBEiTwell tasprese isoncent r at ed

sol utions of._, tj des and. ls ip, PBS with cal ci j.de 1mM were

al i quot t ed 1&%@%1’%@ a% lgg"glgﬂ%'l %Plb?ngefgglémt%%%%ernglﬂ r%wgtfaggécﬁlestst enpl ate |ater

used in EL|I Sppjsassayde amildeaid-sistinkd pefnis d2A-ghadth 31QE66fvithept | des wer e
prepared by incubatiog.wWth guinea. pig tissue.t.TG (S 98) in the
ot o 100: SRy Gt s Aite 0 igBfed sk B el bl AP

es solutrons were stored
at - 20C angl f aneghdists. tth adttidn erdton weablybiectivenataallype¢uSingmly@8g s ( 100 mg/ m )

i n endot oxi n-free 2M.ur.ea . i l.ed for inutes, cooled to
room t enper atfdy" 1ag¥$§t7-§a8§ga aé'%laligfﬁ?eﬁn@?&%gér)@?eé’g]ﬁwjar?f%?gﬂ | i sed pepsin
(Sirgma  P6887natzhllirgdetiring’| APTHGEapthid? W oy alodbeomtiggepied that co@BUA@) (4ng/ m ) in
anmoni um bi car popat 0.2M . After ipcubati ~ :

pepsi n- di gesgé@“‘gf‘g @@C'ﬁl%h%o HEBPTE %“z%ea'seﬁ"’tﬁﬁ qﬂs? %Ig{mﬁn%ng'ﬁngéf%g, and then
bot h pepsi ngliaginGemidystnd dey s indud THéstoad reghonsed iimcovlie @BbBI diledd f or 15 mi nut es.
| dent i cal i%’ilgub t] ons]?\évi t I&n%qt E’aé[%fy%ﬂg%%h% ?’%&}ﬁ)&%‘ rtted were al so
per f or med? SEHEY EI00% B3r G803 ; 6 Sanpl €s wer e
centri f;Jgefl &l r&?nﬁ&%citeﬂhfﬂgﬁiﬁcﬁﬁ £9-T8 @RAC End paptides st bied myidsstoi mat edI IF Rly
supernatants e 0 [ use in

ELI Spot assﬁ%‘,m%l %ffg@@? %rﬁESS? “S‘HG@&%%@E%@Q@E \%gégﬁm(ﬁgggd with tTGin
the rati o 25R0:16% ag tiyroid ptrbhifastip) SpD 64 A5ERYE LGHELA B PYSREQIR) wer e
perfornmed in 3618} Il plates (MAID 5-45, MIlipore) in which each well

cont ai ned 25% pepti de sol ution and
20 Simultaneous addition of peptide (50pg/ml) or buffer and A-gliadin 57-73

QE§5 (10pg/ml) in [FNgamma 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 cluplicatés) 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—gliadiﬁ 57-73 QE6S reduce
the interferon gamma PBMC ELISPOT response to A-gliadin 57-73 QE65 (p<0.01)
by -between 25% and 28%, 13 other peptide variants reduce the ELISPOT response
by between 18% and 24% (p<0.06). The HLA-DQ2 binder, thyroid peroxidase (ip)
632-645Y reduces PBMC interferon gamma responses to A-gliadin 57-73 QE65 by

30 31% (p<0.0001) but the other HLA-DQ?2 binder, HLA class 1  46-60, does not alter
responses (see Tables 9 and 10). The peptidé corresponding to a transglutanﬁnase-
modified polymorphism of A-gliadin 57-73, SwissProt accessioﬁ no.: P04725° §2-98



1001 of PBMC (2-8x105/well) in RPMI containing 10% heat. jnact, v human
AB serum Deam dated peptide pools were assessed in On%bg%qré%qr%bégl Spot
pl ate, and peptides pools w thout deam dation in a second plate (with an
i dentical layout) on 10 both day 0 and day 6. All wells in the plate

cont ai niyfi@eA@ans dat ed peptides included tTG (64 o/ Mpeqdeiseash ELI Spot
plate there were 83 wells with peptide pools (one unique pool in each
well), and a series of wells for "control" peptides (peptides all >90%
purity, characterized by M5 and HPLC>Research Genetics): P04722 77-93

FP P : Y 2 (Ln:gupl i cate) 15
§ %gFPg% p@gg‘?@ﬁgf’@ﬁ%&%ﬁ@?@ ggg@éﬁf@&%%@%ﬁﬁ%é@@) ( SEQ
| D NO: 28) ), PDZBGROSH-19% (@FEBB9) ¢@I@pFPYPELPYSQPQP (SEQ I D NO 29)), and
chynot rypsi n- di Ladi.n.. ! } tadin (500
g/ )r/ﬂ ), Zﬁy not r ygg;&t%ﬁe?%%a%r§p %'{*%g’g?%g‘é%‘%igﬁﬁ?%ﬂ%/ ?g ; %a]?%iﬁg?’r and bl( ank
(PBS+/ -t TG ¢ssays breirgluced bty @)-adnBisiyrtivreef certrinedinglerramino agiddh-eliagind@-73 | FNy ELI Spot

| at : ' | I ter. |

FiLA o néal oy Siis AR oniy o a2 AR e Bl el i
(sfc) by pepkicdm ipoind HLADQ2e fivd-fad eftesSihese dodinysuggest that elsredd usi ng a
one-tailed W - Pai S | PSS software
applied to \s/\é%ﬁ 8’%‘1@%&1@%&%@@% %%‘?3‘?%@?%@#&%@%@%? | ank on day 6)
25 versus dayni@ogistnbit alsesyronpeptiics it bind HLAANY dffectively irgincedBLah | FNy response
to peptide pe(ﬂ%%oggk'tgﬁg@ag%{#_@gﬁ%o gl uten chal l enge was defined as a

medi an "net respon asSt 10 sfc/nmillion PBMC and p<0.05 |evel of
si gni fi canace. Si Jheseifiodings suppes prortategics taintramptiteeul eefl rspwke tothepept i des on day
6 was follo . < . I, v . tides within each pool using
PBMC drawn t Ogmé%ﬁlgsggg%ﬁﬁﬁ oen119 a!? Ij;j.%%gliégjrhs%%or\ly ELI Spot assays of

i ndi vi dual pepfi diptimishicnad APl pityeomists besupstisiisganiag acids apmere that  of response to

P04722 77-93 QE8 : _' - EL 3. Spo; . i.aN response to
bl ank (PBS al oneﬁnﬁéjﬁﬁéfﬁ(ﬁ?gfﬁé%@&?%?ﬁ%@? ?ﬁ’%ﬁe\/\@"fﬂ,ga%%“r?ﬁyﬁbﬁé‘% Decenber 2006
WO 03/ 104273 PCT/@E80B8/c0246odficatigosfighadiregenmm widat. (P04722 77-93 QE85) 76.5

~ (range: -282 . I . I f . 1ll.i0n (range:

0. 3-0. 72)21§PBI\/C.&' ﬁ%%g@ﬁéh%’%ﬁk%ﬂ ?‘elgg%ﬁg%ﬁga%b@ggﬁfog e:xﬁg‘rréefi}sseg{?as a percent age
of P04722 77-93 @QE6Staies oDA-gHadinr5ag @E6Din@ssdiation il HLIAKD@L. peptides with
mean bioactivity greater thanl 0% that of P04722 QE85 5 were anal yzed for

common structural notifs. Results Healthy HLA-DQ2 subjects None of the
heal t hy HLA- DQ2+ Taeso jrecipprobaics mayi begnubnally eompatitile: Sepatiaganisfsoverea

generated by replacing F61 and Q70 with tyrosine residues. It is likely these super-

20 agonists resulted from fmproved binding to HL.A-DQ2 rather than enhanced contact
with the T cell receptor. By combining these modifications with other substitutions
that generate modestly éffective APL antagonists might substantially enhance the
inhibitory effect of substituted A-gliadin 57-73 QE63 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 immume-
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 fpllows ghuten challenge in
almost all DQ2+ coeliac subjects following a long term strict gluten free diet (GFD)
but not in healthy DQ2+ subjects after 4 weeks following a strict GFD. A-gliadin



nonth had | FNy ELI Spot responses to honol ogues of A—gl 7- éﬁ (%)ef ore or
after 10 gluten challenge. However, in 9/10 healthy s 91

chal | enge was associated with a si gni ficant increase in IFNy responses to
bot h peptic- and chynotryptic- digests of gliadin, froma nedian of 0-4
sfc/ m| kyosseprslay 0 to a nedian of 16-29 sfc/mlli garisgoiiabl e 14).

G iadin responses in healthy subjects were unaffected by deam dation (see
Tabl e 15). Anongst heal thy subjects, there was no consistent 15 induction
of IFNy responses to speci fic gliadi n"*peptide pools with gluten challenge
(see Figure L e 8 occasional ly
found. but %9’73@%@51‘69{) &s%@mtnlg?s’ﬁ%bgé %&8{'%)%1% ﬁ?tg‘ﬁ?xﬁ Many of the

st rongest regblmnshﬁlengnanmlot@amwesuggeswdi}hesempmse@mﬂh;otﬁb (see Table 17,

subj ects H2 d eal e efinite responses
to pool 50, arrlans[u%ﬂ %C ofﬁnl&rgatt‘?dgﬁ%gé{m}ﬁ%lrallet%gugﬁsfejﬂsm 6nn°° 1acg “3 so had
responses onnﬂmyne&espbm@nﬂsﬁoﬁﬂﬁ@nﬁ%—ﬁ QE@feispetstedﬁalﬂawilngarggen responses to
pool 50 resp LYP QQ(SEQID
NG 30)). EILA—%%%IOH i‘ac suﬁﬁosefggtl’—sgt P%\%ng&%%geﬁ %}g n HLA- DQ2+
coel i ac subj @8N, 1tmssi§tslazhlertd?¢dﬁnmEmtﬁpofGFlbsgdmébﬁomgluﬁﬁm&gé'? 93 E85 rose

f di HEN f.th

coel | ac. subj SAL ARt HRERh bR yEPERE I Follh pulifeglan 0°

- sic/mllion) gh&dmmauﬂcs)mb}ood.eak responses to gliadin peptide pools

(maxi mum Pool SCN o?e&??%g&eﬁlgc%b Qesf"% é\%lttedfr ttﬂe earlier work,
d55e

bi oactivity of W I ncr nes W th deam datlon by
t TG (see 1G‘ab|gatr¢51)erol@ oiptient servon- RRiviGwercpspanded tdsed gl intertiron- di gests were

present at basel u ubst ant i al Hhngk sased uten chal | enge
froma nedian o0 “gglsﬂoq %s%?y\%?e fg'i?e(’?sc Ilmélﬁnce#% ‘5 Of'e Orpt%l‘g‘geh(fl adi n, and
from 44 up taﬁdt?&nmv&rmimgﬂFDl bmadfiidion, ghafhicohdlenpe (h@ymon@rrﬁ)g@lesh&er 2006 WO

03/ 104273 P d bi tivit
by a nedi ancg%%%%élg%rﬁgegd ?goﬂdag%nge?&m%t |ag$negr Svﬁeahg&%sgggi rre!s()?grl o
pepti c- gl i adiGED( FBMCladrt prerbE) am(a”sbiwdctnwaysmhreafmcmmmymg gigienr ed for,

di t b ti f

gl (o .y 5" PREERer Adpd P Ione A5 B W B BRI 01 00" mtuced 1 Fny
ELI Spot r espmrﬂs@)ﬂﬁﬁ@gladﬁl STHR2OBS (PaXp(tondiheye pahissek dove)dilhg pepti des

froma-, ns, (see Figure 31, and Table 17). Bioactivity of
pool s vvas h| gﬂpyg%lgnsmsagsgﬁs d bet ween subjects (see Table 18). | FNy ELI Spot

responses elicit etll by opeptlydaspsel cﬁaeﬁaml@mmadraﬁﬂg% &nearysDQSIYr eased
oy dean et o 2 ST k) gl SRR PR 1 of poos
20 weeks following GFD did not show responses fo A-gliadin 57-73 QEG5 and P04724
84-100 QE92 (alone or combined) that were not significantly different from blank or
A-gliadin 57-73 QP65 (=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 QEG65 or P04724 84-100 QE92 (alone or combined). IBut 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 QE65 alone were equiv.alent 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.



even for pool s including hoinologues of A-gliadin 57- 735 Th|n§be§%ggsts t hat
Pepset peptides were partially deam dated during synt heS| s or

preparation, for exanple the Pepset peptides are delivered as salts of
trifluoracetic acid (TFA) after lyophilisation froma TFA solution. 15 One
hundr ed woesmgmenty individual tTG deam dated pepti dggdganmidy of the nost
bi oactive pools were separately assessed. Seventy-two deam dated peptides
were greater than 10% as bioactive as P04722 77-93 QE85 at an equi val ent
concentration (20 gg/n1) (see Table 79). The five nbst potent peptides
85-94% bi oacti w |f|edagliadin
gom)l ogues A 20 g Qieslgg%g‘%ésgﬁaw f‘%’g@?ﬁ%‘éﬂage: % des wer e not
honol ogues ofgliflings lpadalh r@Wed?@Yeemﬁﬁemmmdndm GHDy inghdsdng thet Sinsduxe f ami | | es of
structurally o .hi oactive sequence
of each of t#é“% %’ghﬁﬁa&?ﬁy ﬁﬁcdl%glg& a%eﬁﬁ@&*g&?%&%ggg@g W (SEQ | D NO: 31)
(pepti de 626 dispaseliralforapbsst trieoeeck after startingf GIRD) ATHR BptigES Binjng GFIPOQPFPOPOOPOL PFPOQ

7oy rotpoctEBH B e R RIS gyl o0 59 (599,

Pl OPOOPFPOOPGRPOSPRPA (cBED 1757 NCEGE S thé BQEpotzssQa&) 15 at [RASKEENGOOPFPOOPYPQQ ( SEQ
| D NO 36) (GJC&ma- ‘{% @pre sequences are underlined). Al of these
sequences inc giutam ne resi dues, predicted to be 30 susceptible to
deami dati on by tlhatcr@gmﬁammaﬁ@sﬂngfécgls sipiBy toXBadnSEQS KBoNGnaR) , OQXX[ FY]

SEQ I D NG 3 [ X bj tl i,d t ai
'E voncor e seqﬁ%&ﬁ%agggcﬁng%ggﬁp% %lrbgt!r?fl %?'Q&ﬂt?dgsg%%s %g%&r%é& g@%&d \?\i) ng 20?293
PCT/ GB03/102480e188h chgimgd afteratfeaw2 tiacks KEFDfigintxtlition).t Fetefode,f f er ent T-cel |
opUL At One §ERRONKdRoesPRRLLAERMadh Bk FGRPGNERGRS, O 0activi Ly

of peptides rent fa For exanpl e,
medi an bi oactdedadifyr 1t§ﬁptim1@tlpm cHrwdinop hre 8dnsivest with Aaetiahl RGg7AEX QES5, whil e

bloact|V|ty r t|de 631

(horol ogue o p@.ﬁfééfg?fgé‘go}ﬂg% épg@aﬁ/: }Q’@%&{‘%’{)ﬁo o%’tfg‘% Jé% Eg’l% and 635
19% 629 16%xchksion GBD). 1'B%I(ha11dmeh@ﬂmbmgb®spahow6¥m0ﬂh‘aﬂa®mgh likely to be an
oversi npl.i.fi | " to the
sumed | ngly @ﬁa&ﬁﬁeas% glgd pgﬁhg thpﬂ;s ‘Blﬂﬁﬁatﬁg‘%ﬁ“a‘gg’% mduCl%g;‘r‘?vel in the

HLA- DQ2+ coeﬁﬁpﬁ@ﬂs&nﬂwautosha(:s‘temd:l gure 32). Accordi ngl Y, the contri'bution of
i 0 P04722 77-73 E85 to the summed response to gliadin peptides is between
1/5 and 2/3. Using the peptide honol ogy search programe, WWW
PepPepSear ch Example 13

Comprehensive Mapping of Wheat Gliadin T Cell Epitopes

20 Antigen challenge induces antigen-specific T cells in peripheral blood. In
coeliac discase, 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 epiiopes. 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 Exafnﬁle, gluien 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-DQ2 and HLA-DQS associated coeliac disease. Seven of the 9

30 coeliac subjects with the classical HLA-DQZ 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 lieripheral blood. A-gliadin 57-73 was the



, for
exanple, "cbrg.inf.ethz.ch/subsection3 1 5.htnml.", an |b;ég%9€é
conpari son with Genbank 15 sequences for rye secalins, exact matches were.
found for the core sequences QQPFPQPQQPFP (SEQ ID NGO 39) in barley
hor dei nsyd 3@RRYs and rye secalins (A23277, CAA26449, pAMGBaHRP%0,
QRPFPQQPQQPFP (SEQ I D NO 40) in barley hordeins (HOGL and HORS), and for
Pl QPQQPFPQQP (SEQ ID NO 41) also in Qarl ey hordeins (HORS). 20
HLA- DQB- associ at ed coel i ac di sease Seven HLA- DQB+ coel i ac subjects were
st udi ed bef owglyaipdifiddnt 1At &N epifdatlal KOO thehoéEpoRtht iHIES bl A- DB+
( HLA- DQAC*0301- 3, _HLA-D%((;);%QZ) Subj ects al so carried one or both of the
coel i ac di seS§EEPedRgEAHEPsigntbeylizsiswaphaddiiooher o5r 200BT92) . Two of
the three sulsjfesiiss ofstlanal R1GAGLIRAGs haSERBEAEEN oldhd 7 (PQGRIRI £ Xes had
pot ent respoges taq _gl |_]%g%_n peptide pools (and individual peptides
i ncl udi ng POA728%R 7793 intheteterary RelSpot assay. Hhasemew Nyelbendoregwamt i t at i vel y
i denti cal st odthvdd BER yCoRld-@RdifdHal Rrli8ed SRR T ignes mpwand 34, and Table
18). Deam dat ed g),ti de. pool 74 was bioactive'in both HLA-DQ2/8 subjects,
30 but only FWCBJEFE‘ SF Sifalat bylnpt ifsapoaldo dhersprs ssagencppicdgliadinddre of pool 74

with tTG 'ent@me@eakmmmw(MWJ%%&%&@@@@?MFQ@%N oactivity of

tTG treated 74 in the three responders is equil ent to between 78%
and 350%theﬁﬁ&]&t@WP?%?PQQQ@?MZ@OWWEUWW?W/ GBO3/ 02450 64
PO4722 77- 93 gl 5708 Ma R Bebiyfourkdlindys o tatleyK O WiRe MRh 6heRQBL] HESdd € bi oactive
in Pool 74 1n su Two of the four HLA-D@B coeli ac

Bj ect g)ﬁfz C07, and CO8. 0 .

subj ect s Phafistge KEdeHCA T T orerires ia- andioaglindips hays epdsraishesdei at ed with
coeliac di seg&an@maoﬂ@rpyctm&cﬁﬁé\%dlﬁbﬂde%ﬂé?Eespe'éﬁxreg?‘;.pOnseS to gliadin
peptide -pools, but the other two did respond to both protease digested
gliadin and speciqu]da"G&E)“tsf’%a%?féﬂ“?.w‘@dg-j@@z_@B@‘{SWWYE)@WG@)?G& esponded

vi gorously t @itHERAIG. GebnPohssedn I ASHOs- g GupRls ad RERFPENL  Of

i ndi vi dual gl%aptl des in_these pools identified a series of closely rel ated

bi oact i ve peptadthed-7>ispreitlsd i reeneases Elaviag gliemehellengpenesdenpiey ( SEQ | D NO 42)

(see Tabli® 2f3ssesded %eBBlﬁ%E@%AW%ohpﬁx.mo HASNICHDRE bdeflcqbitdpat three
glutam ne resjdues in this uence are susclzlgg.t;#gl eto tTé- nmedi at ed
in

se
deani dati on VHh&ERPLPASES Fhelﬁ%&"oﬁ%f\“%%ﬁ@ﬂé% ibley sliadip PPifRepSear ch have

identified cigesse mln’e@any‘e@fouda@’gﬁ%ﬁm &%E&elrﬁdﬁﬁgélé}o'egmy i n wheat
a-gliadins. The fourth HLA-D@B subject ( 1) had in ucdol e | FNy ELI Spot
r esponses novel domimant T cell epitope was 1déntified with the core sequence

LQPQNPSQQQPQ (SEQ ID NO:21). The transglutaminase-deamidated version of

20  this peptide was more potent than the non-deamidated peptide. . Previous studies

whi ch can be accessed through the world w de web of thgJ %gctegjr

suggest that the transghutaminase-deamidated peptide would have the sequence
LQPENPSQEQPE (SEQ ID NO:22); but further studies are required to confimm 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-
DQg-associated coeliac disease do not share the same T cell specificity.

10 We have shown that short-term gluten challenge of individuals with cogliac
disease f(l)llowing 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



15 to tTG treated Pool 33 (see Figure 36). Pools 32 andség r%SG

pol ynor phi snms of a previously defined HLA-DQ@B restricte AN epi t ope
( QQYPSGQGSFQPSQONPQ (SEQ I D NGO 44)) active after deam dation by tTG
(underlined A n are deam dated and convey bioactivity) (van der Wal et al
1998) . vdlsIepbiy, it is not known which peptides argdjj@asiiae i n Pool 33
in subject Cl. 20 Conprehensive T cell epitope mapping in

HLA- DQ2- associ at ed coeliac disease using in vivo gluten challenge and a
set of 652 pepti des spanning all knowh 12 amino acid sequences i n wheat
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gl i adi n- pept %ﬁgmg[%gtgq?@?%h%ag%&%dﬁggdsﬁs\ﬁﬂ % xé%lrj\ c}-ﬁ%@&gﬁgﬁcoel iac disease
that differ eﬂump;éuhvﬂfaqtﬁaﬂealnyheﬁqmlumﬁéegqnnclHLtﬂwm e b glindinaised coel i ac
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The dom nant 0 s has -not been
i dentifi gg plrngcgél’l%gs PS?QE Th&%%%@?%ﬁgh%%ﬁwsg "ven the teaching
herei n, desi gheatfndare hommlngoustiethe gppalinganddoskinain ryhiasdbsley. utilizing all the
connDnIy recogni | epi 1] Jmy include fewer
than six disti nct%%%elrtei%g‘tevgén%gg%pt?ﬂgds%}@n&%\ﬁg%% ﬁ%he%%w gliadins are al so
present 15 aestivosn).| Eye daglindie agsenagydrerciogely baadlogoss, biEdts dphigant 4

' epitope in A-gliadin derives from the most polymorphic region in the e-gliadin

20  sequence. Anderson etal (1997) have estimated that there are a total of about 150

distinct a-gliadin genes in T. aestivam, but many are psuedogenes. Hence, it is
unlikely that T-cell epitopes relevant fo coeliac disease are not included within'
known e-gliadin sequences. " ' _
QOur work has identified a group of dearmdated o-gliadin peptides almost
25  identical to A-gliadin 57-73 as potent T cell epitopes specific to coeliac disease.
QOver 90% of coeliac patients are HLA-DQ2+, and so far, we have only assessed
BLA-DQ2+ coeliac subjects afier gluten challenge. However, coeliac patients who
do not express HLA-DQ?2 nearly all carry HLA-DQS. Hence, it is critical to know
whether A-gliadin 57-73 and its homologues in other wheat, rye and barley gluten
30  proteins are the only T-cell epitopes recognized by T cells induced by gluten
~ challenge in both HLA-DQ2+ and HLA-DQ8+ coeliac disease. If this were the case,
design of peptide tlierapeuﬁcs for coeliac disease might only réquire one peptide.



Several ELI Spot assays were perfornmed as previously de i i el ded
the following results and/or concl usions: 20 Exani nati ?ﬁé%(%%ﬁﬁ???%l e
a-gliadin pol ynorphisns with PQLPY Potent agonists of A-gliadin 57-73CE

(Gd) include QQPFPQPELPYPQPQS (GO), PQ-Y---------- -------- -P (G O0),
and PQPQR¥bsrioaz7s -------------- (Gl2). Less potent ingcydBosmoasy ------
---------- L-----P (Q@04), --------- R------------P (@05, and
------------------ S----P (Q06). Less Eotent yet 25 include

------- L----------5------P (Q7), --22-5-- -25.----P (Q08), ----------
------ S-S----P (®9), and PQPQPFP--------------- (Gl3). Dashes indicate

identity with the &1 sequence in the particular position. duten chall enge

i nduces A- gl Hoddlegu8saf ARIi@EB57-13 ascl-del epitpgs af ter two weeks of 30 gluten

free diet in newky:di saelil i e | yses i ndi cated
Iﬁ{ltd:ﬁ Sfa?:g%%?ﬁ‘w aﬁf’frglhﬁlg?gegiaégag tsgér%&@zh gl :

that tTG deam date in responses c r two weeks o

gl uten-free efidowg frihatew syquelica givoghadincyel3 (BRLRY SE® N@ikpnl8 Decenber 2006
WD 03/ 104273 0 4 HBI%E i el that deam dat ed

gli adi n- s%ecf%%?dj%g%{a@%' Z‘%‘e”@_‘%ﬁéfﬁ’g‘%?+ lﬂé p%%%gggf‘réeg%% .?%]oti mal epitope
(cl ones ver sUESTAPUeREe eHed 4 lowige pwabenof ngopisivg neint saisiifutgne o the ¢fed | ned by yl FN
ELI Spot afte I 0 ot response).
Epi t opes defllre%{g{lj %@i) tr;lltlagsdtﬁlg_r%glgmal?%%ﬁﬁglgﬁgﬁ%%é%%%éjf%ﬁ?g7% ,

PQPEL PYPQPEL®Y sqaghdg gengsrigl SWigbraboPreptidarpearmRpping opeptided with #ienance anong

i ndi vi dual pgpid.dexse ?mgj@ mﬁm@%ﬁq . ye. For wheat,
dom nant pepét%ieltciiégs i ncl ude G%Le.pt_i_ e nu ers?%tgg)gg'%%gﬂ%lfg reresferri ng to
sequence Auntyee entified ahongst 3 gjiadimsoglutenies, hordens dedhdersling (sqodphlt YBs i ncl ude
pepti de nunbgr, A1 and. : i sequence nunbers
in Table 23)8%%?%2%818% ll%dvgg?agrlltﬁ%ﬁ??oﬁ g'ér]“q@é%ﬁﬁggé%u(%;é?ﬂ ng to sequence
nunbers in T@lbﬁieeztﬁysis_ﬁm. activity in both rye and wheat. In vivo gluten
chal | enge allows Tg%sgﬁ!nholggrqzés}]ogﬁegdaaiﬁwf%aégespe%a Slabdighiboty coellac 20

L
di sease The epito ier i'S consistent anong HLA- +°coel i acs but
different 36 (piLssutibasof te eiameaig(QEMwbstinted wariakyn idensioseleomolpgudsht cereal is
consuned. i i : ‘ L adl L . HLA- DQ2, D@8,
and DR4 !'E)r ese tt@?ggﬂlﬁlalg? ‘25&%@%& F@e‘@%ﬁ%%ﬁ }é@gg&g@sﬁ%@?ﬁ%ﬂoel i ac di sease

pr ef er ent i al ¢hpllenge in coeliac subjects. The o-gliadin sequence (AAG17702 141-157) was the

only bioactive peptide, approximately half as potenf as A-gliadin 57-73 (see Table
12, and Figure 29). Hence, searches for homologues of the dominant A-gliadin
epitope failed to account for the'toxicity of y-gliadin, secalins, and hordeins. -

20 Methods . . .
Design of a set of peptides spanning all possible wheat gliadin T-cell epitopes

In order to identify all possible T cell epitopes coded by the kmown wheat

(Triticum aestivam) gliadin genes or gene fragments (61 w’B-, 47 y-, and 3 o-gliadin
entries in Geﬁbank), gene-derived protein sequeﬁces 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 length of polyglutamine repeats or rare substitutions.
Hence, it was possible to rationalize all potential unique 12 amino acid sequences
encoded by known wheat genes to be included in a set of 652 20mer peptides.

30 (Signal peptide sequences were not included). Peptide sequences are listed in Table
23.

Comprehensive epitope mapping



25 present DQR2-associated gliadin epitopes. diadin epi es .ar
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subj ect Cl2. The results are as (sequerice nunbers refer to the
pepti des ||s@aéhid4yh Fegpheeal biggd (a%ﬁeﬁoeéﬂ Sy SEUOYS) WaSsgirsisé ands (859,

. Sequence 6 pee 2 (59%,
Sequence 9 (%@iﬂlggéwugﬁ%gu&aé JEﬁﬁpngggﬁgﬁggm%%?zﬁ%hw%@égquence 4 (159,
111

Sequence 12 &Bd§ @ @aredncyhatqdowigh posiaef fen 8 8013 peppides or singequence 14 (18%

Sequence 1 [@g,guence 14 (8%,
Sequence ﬁ%&%s wétgﬁlﬁgﬁlggﬁ%&?&%g %/9 tgg(? ﬁ gﬁ?@ﬁgéﬁe&& éa@n%e quence 20 (0%,

Sequence 121 U@@Otasﬁﬁé predi cted deanmi dated sequence is LQPENPSQEQPE. 25
| ndi vi dual ELI Spet,ieSRansgafieséd RBMEhd SPRtas YL MmbBhds ncdet er m ned by

ELI Spot Reader)
Melbourne Australia). Approximately 0.6 micromole of each of 652 20mers was
" provided. Two marker 20mer peptides were included in each set of 96
(VLQQHNIAHGSSQVLQESTY — peptide 161 (SEQ ID NO:24), and -

15 IKDFHVYFRESRDALWEKGPG (SEQ ID NO:25)) and were characterized by
reverse phase-HPLC and amino acid sequence a-nalysis. Average purities of these
.marker peptides were 50% and 19%, respectively. Peptides were initially dissolved
in acetonitrile {10%}) and Hepes 100mM fo 10mg/mi.

The final concentration of individual peptides in pools (or alone) incubated

20  with PBMC for the I[FNy ELISpot assays was 20 pg/ml. Five-times concentrated

‘ solutions of peptides and pools in PBS with calcium chloride ImM were aliquotted
and stored in 96-well plates according to the template later used in ELISpot assays.
Deamidated peptides and pools of peptides were prepared by incubation with guinea
pig tissue (TG (Sigma T5398) in the ratio 100:32 pg/ml for t\h;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 (Sigmg P6887) (2 mg/ml) in HCI 0.02M or chymotrypsin
(C3142) (4mg/ml) in amumonium 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 minuies. Identical

incubations with protease in which gliadin was omitted were also performed.



Peptide (see Table 23) CO C02 CO3 C04 CO5 65 16 2 1 6 13 0
6 67 16 3404 68 258 4 2 25 Decenber 2006 WO 03/%@%‘"29‘3/“3)6@%38

PCT/ GB03/02450 68 6940000 7021000 7111001 72000005
73 95 21 42 31 31 74 122 15 29 21 28 7551225 76 108 13 28 16 22 77
-3- 01 90m31@2738 21; 2 353 7920 .0 .2 02 80 5063824581 4 1 2 3 1
82 335221583142001 8430000 8 141. 212 86 11' .020
2 20 Cross-reactivity To deal with dgbta from 652 peptides in 29 subjects,
or to determ ne when a' particular response is a true positive

pepti de-s pegis‘ainpleJ wére bdntrifgRP ens fQOOthhm% Iﬁoteﬂ%%tﬁéﬂ@aﬁkﬁlts W@L‘?‘,{astﬁa;felﬁﬁponls :t tGS a
eptide is due to cross-reactivity w anot her structurally re

BeBtide, 'ex'prséféﬂmaﬁ‘ﬂtsg?(a’ﬁﬁagér"ﬂeiﬂ}?dﬁ%?mpgﬁﬂ-(%fqﬂ‘e@%%@IEE%E%@P‘&S a2s
percent age ofassays, sliyabtd o fliadippidlehsd KefeSSRRRRSVithATE &1 tHah@d d500.601€ expr essi on
can be a "rel atedness" as correl ation coefficients between peptide
responses, or" a  bioinformatics. Additional epi topes 30 A representative

result issas fol | oW ELSpoibAR Mabedf SRR wdRpeMbrinBd R4 4RAEfa! | 20nTg/ nl)
(n=4) (MAIP 5-45, Millipore) in which each well contained 25ul of peptide solution and
1004 of PBMC (2-8x10°/well) in RPMI containing 10% heat inactivated human AB

serurn. Deamidated peptide pools were assessed in one 96-well ELISpot plate, and

peptides pools without deaniidation in a second plate (with an identical layout) on

10 Dboth day 0 and day 6. All wells in the plate containing deamidaied peptides included
tTG (64 ug/ml). In each ELISpot plate there were 83 wells with peptide pools (one
unique pool in each well), and a series of wells for “control” peptides (peptides all .
>90% purity, characterized by MS and HPLC, Research Genetics): P04722 77-93
(QLQPFPQPQLPYPQPQP (SEQ ID NO:26)), P04722 77-93 QE85 (in-duplicate)

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 pig/ml), chymotrypsih (20 pg/ml) alone,
pepsin (10 pg/ml) alone, and blank (PBS+-4TG) (in triplicate). -

20 - After development and drying, IFNy ELISpot plates were assessed using the
- MAIP automated ELISpbt_pIéte counter. In HLA-DQ?2 healthy and coeliac subjects,
induction of spof forming cells (sfc) by peptide pools in the JFNy ELISpot assay was —
 tested using a one-tailed Wilcoxon Matched-Pairs Signed-Rarks test (using SPSS
software) applied to spot forming cells (sfc) per million PBMC minus blank on day 6

25 versus day O (“net response”). Significant induction of an IENy response to peptide
pools in PBMC by in vivo gluten challenge was defined as 2 median “net response” -
of at least 10 sfe/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 [FNy ELISpot assays of individual peptides, bioactivity was expressed as
a percent of response to P04722 77-93 QESS5 assessed in the same ELISpot plate.
Median response to blank (PBS alone) was 0.2 (range 0-5) sfe per well, and the



Al one P04722E+ 5 Decenber r o' "~Jj4 69 Pep 626 60 13 122 0 110
I-1LAa O 85 (expressed as percent P04722E) 5 626+t T: &%ﬁ@&;ﬂ QQPFPW
P04724E: QLQPFPQPELPYPQPQL TTG deami dati on of peptide 626 (n=12) 10
Not TG=100% TTG =170% Substitution at particul arpositions Substitution of

Pept i de @6y RFL QL 1 QP[ Q] QPFPQP[ (B8] QPFPWI=12) 15 Getyychioglosp 95 90 Q@
145 80 B 155 10 (expressed as percent wld-type peptide) 20 Bioactivity

of tTGtreated 15mers spanni ng Peptldﬁe 626/ 627 ( PQRPQRPQQPFPQPQQPFPWP)
(n=8) P1-15 5 P2-16 4 25 P3-17 3 P4718 38 P5-19 65 P6-20 95 P7-21 65

30 P8-22 90 Lexikenntilrosmper.oenkasf 5. angh RECTI FI ED
SHEET (RULE 91) 53 cengers(?ZOO g\g/% g%ﬁfﬁ?@ ;GBO3/ 02450 70
Ml tiple epi p@é@gaf 0. 36 nnlhon (range: 0.3-0.72) PBMC. Hence, median response to blank

expressed as a percentage of P04722 77-93 QEG65 was 0.2% (range: 0-6.7).

Individual peptides with mean bioactivity greater than10% that of P04722 QES5

5 were analyzed for common structural motifs.
Results
Healthy HLA-DQ?2 subjects '
Nomne of the healthy HLA-DQ2+ subijects following a gluten free diet for a
month had IFNy ELISpot responses to homologues of A-gliadin 57-73 before or after
10 gluten challenge. However, in 9/10 heélthy 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
sfe/million (see Table 14), Gliadin responses in healthy subjects were unaffected by
deamidation (see Table 15). Amongst healthy subjects, theré was no consistent
15 induction of IFNy‘responses to specific gliadin peptide pools with gluten challenge
{see Figure 30, and Table 16). TFNy 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
20 responses on day 6 also had responses on day 0. In both subjects, the post-challenge
responses to poo].SO responses were due to peptide 390
(QQTYPQRPQQPFPQTQQPQQ (SEQ ID NO: 30))
HLA-DQ2 coeliac subjects
Following gluten chalienge in HLA~15Q2+ coeliac subjects, median [FNy
25 ELISpot responses to P04722 77-93 B85 rose from a median of 0 to 133 sfe/million
{see Table 4). One of the six coeliac subjects (C06) did not respond to P04722 77-93
QERBS (2 sfe/million) and had only weak responses to gliadin peptide pools
(maximum: Pool 50+TG 27 sfc/million). Consistent witﬁ earlier work, bioactivity
of wild-type P04722 increased 6.5 times with deamidation by tTG (see Table 15).
30 Interferon- pammia responses to gliadin-digests were present at baseline, but were
substantially increased by gluten challenge from a median of 20 up to 92 sfo/million
for chymotryptic-gliadin, and from 44 up to 176 sfe/million for peptide-gliadin.
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reference inits 30 entirety) Intestinal T cell clone epitopes 5 Decenber

2006 WO'03/btienstity ofpoplsdpdeymiidatispwasmot %&Hﬁéqeil%ﬁfﬁlif’(%”@fﬂﬂﬁpééu nal T cell

cl one epitopgs, fé@gooﬁﬁnélm%hﬁloguﬁa%fA@élﬁzﬁﬁ'%ﬁ AMeNiesiEReepseet al ., J Exp
Med. 2000, 191:60 di scl osed therein are _gliadin epitopes for

i ntestinal Tpegtides wep prrEdly depridatefduties ypttpEPUPEIEPARtos. BrexamplEt ope, with a
dean dat ed SEAMSHG fepfies P ERRETE RN of-{xlﬁﬁfoﬁcéh%aé@ (Tohfad X 5 restriction. A

honmol ogy search _shows ot her bioactive rAl pha-gli ad| ns include PQPQPY
singly or dupeahdisttion from afdidsPter of T cell clones respond to either/or

DQ2-al : Q& QPFPQPELEN R add sEvenBWXﬁ@ﬁl&Hdated 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 o-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:
PQQPQQPQOPFPOPOOPEFPW (SEQ ID NO:31) (peptide 626, median 72%
bioactivity of P04722 QE85), QQPQOPFPOPQQPOLPFPQQ (SEQ ID NO:32)

25 (343, 34%), QAFPOPOOTFPHQPQQQFPQ (SEQ ID NO:33) (355, 27%),
TQQPQQPFPOQOPOQPFPQTQ (SEQ ID NO:34) (396, 23%),

~ PIQPOQPFPQQPQQPQQPFP (SEQ ID NO:35) (625, 22%),

PQQSFSYOOOPFPOOPYPQQ (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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of gluten ch F’@H{;@M%%E@a Hbﬁ’?c“?@’%’l Reniides Vs ip RrEYEH: as | FNy

speci fi c spotpggidk k31 @R A nE7-7906185, 650 (hordol¥me kf d28) 5192 weeks (2), 8
V\Eeks (1) PO o Ko wl Pﬁl SE g%) 8 vgele/ks (48) 10

Result 2: DJF&%%W%62&%9("@&%@%@"@@%%‘ WTSI@I{@ LI Spot responses on day O

and day 6 of gl ut@lﬂlo@ghahde@ma&anwe%@m&loﬁ tﬁd’c%ﬁ&ibﬁtﬁm@i‘d&ﬂ? s eas | FNy
specific N | on PP 1) %@ , .1 week 2 weeks (5),
ﬁv Bt f'nscs'PPém’f'%w Ef. ferRSP("E?‘? ogl@dlmé@reéesm@sompare ks (60)

8 weeks ( 5)
: the HLA-DQ2+ coeliac subjects (see Figure 32). Accordingly, the contribution of

10 P04722 77-73 E85 to the summed response to gliadin peptides is between 1/5 and

2/3.
Using the peptide homology search programme, WWW PepPepSearch,
which can be accessed through the world wide web of the internet at, for example,
A “cbrg.inf.ethz.ch/subsection3_1_5.html.”, and by direct comparison with Genbank

15.  sequences for rye secalins, exact matches were. found for the core sequences
QQPFPQPQQPFP (SEQ ID NO:39) in barley hordeins (HORS) and rye secalins
(A23277, CAA26449, AAG35598), QQPFPQQPQQPEP (SEQ ID NO:40) in barley
hordeins (HOG1 and HORS), and for PIQPQQPFPQQP (SEQ ID NO:41) also in
.barley hordeins (HORS).

20
HLA DQS—assoczated coeliac disease

" Seven HLA-DQ8+ coeliac subjects were studled before and after gluten

challenge. Five of these HLA-DQ8+ (HLA-DQA0%0301-3, HLA-DQB0*0302)
subjeéts also carried one or both of the coeliac disease-associated HLA-DQ2

25 complex (DQAO*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 :ESS) that were qualitatively and
quantitatively identical to HLA-DQ2 coeliac subjects (see Figures 33 and 34, and
Table 18). Deamidated peptide pool 74 was bioactive in both HLA-DQ2/8 subjects,

30 but 6nly in one of the 6 HLA-DQ2/X subjects. Pretreatment of pool 74 with tTG
enhances bioactivity between 3.8 and 22-timeg, and bioactivity of tTG-treated pool
74 in the three responders is equivalent to between 78% and 350% the bicactivity of



15 Result 3: Duration of gluten free diet and | FNy ELI s on day
0 and day.6 of gluten challenge: A-gliadin 57-73 P65 (S"‘r)g%ﬁn?%?ggggessed as
| FNy specific spots/mllion 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
Resul t 4yvo b3mpgizs on of gluten free diet and | FN7 ELI Spetygpeseemses on day O
and day 6 of gluten challenge: PPD (results expressed as |FNy specific
spots/mllion PPBMC) ' Day 0: none g90), 1 week (88), 2 weeks (210), 8
weeks (150) Day 6: none (0), 1 week 4(100) 2 weeks (210), 8 weeks (100)

- 25 Resul t g%);‘}%zrﬁt% O&ur&hwéﬁﬁkJofﬁ%wg%yg}c?ﬁ%gd%s%&%io%ﬂwgﬁ%o esponses on

day 0 and of""gluten ¢ enge: ul'ts expressed as | FNy
speci fi ¢ spotdsh mibjdei G12, COPBNICO8Day 0: none (5), 1 week (4), 2 weeks (3), 8

weeks (2) Day 6T Pfﬁef )H_Lﬂr \@%gelﬁc@ub e?t %ﬁﬁeé%} orgnevlﬁ%s (2) 30 Juten

chal  enge in HLA- coel | ac |sease 0 tern g uten 5 Decenber 2006
WO 03/ 10427 HRED2RUgEORsvBBed Bith ©hliac distase m‘azcd vty ofak HitriELgipeadi n T cel |

response ter 3-day gluten
chal | enge‘wa e%g.'lli'r>reé %%hg%}\%ép%iagggé E{}(n%ﬂeaciﬂleef% flmes%tﬁﬁl% et prei ncubation
with anti-| |diges®iRglisdmdind ap@lﬁcmept;ig@ygls (@kﬁ?@@é@%@%ﬂ ﬁmotﬁ ion) 5 DR-:

tTG gliadin i m (90), PPD 5
mcg/ m - (30) “%%Qm Aagar’gd%%@mi%oﬂm iﬁ%ﬁ%% KéeASé;ﬁfHE iﬁ?dnmé%{ 73 QE65 50 neg/ m
(22), PPD aaepm@rs mthe(sm)ols lm@&ﬂdas@es mlw}at@bu@ﬁge peptigesgl uten free diet

d t TG gl i adi
S5 R o g (100 o0

t TG gl i adé nr&@m(um@)k (bpug) hisgehonsied it A glugmine rw@emsns (110). CM4
depl eti on: @ﬁé Fi In;glfbﬁzaéﬁ@meﬁt&ldhﬂhﬂﬂoﬁg]ngégﬁa)gI-fogl))l'ogyPPD n=8 15 (10).

Ther apeutic p but are not
QLQPFPQPQL P\S@@I@QM)NW PepPepSearch have identified close maiches to
LQPQNPSQQQPQ (SEQ ID NO:43) only in wheat o~gliadins.

The fourth HLA-DQS subject (C11) had inducible IFNy ELISpot responses
| 15 to tIG-treated Pool 33 (see ngure 36). Pools 32 and 33 include polymorphisms of a
- previously defined HLA-DQS restricted gliadin epitope
(QQYPSGQGSFQPSQQNPQ (SEQ ID NO:44)) active after deamidation by {TG
(underlined GIn 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-DQZ;associated coeliac
disease using in vivo gliten challenge and a set of 652 peptides spaﬁﬂng all known
12 amino acid sequences in wheat gliadin has thus identified at least 72 peptides at
10% as bioactive a§ the known o-gliadin epitope, A-gliadin 57-73 E65. However,
these bioactive peptides can be reduced to a set of perhaps as few as 5 distinct but
- 25 closely related families of peptides. Almost all these peptides are rich in proline,
glutamine, phenylalanine, and/or tyrosine and include the sequence PQ(QL)P(FY)P
(SEQ ID NO:45). This sequence facilitates deamidation of Q in position 2 by tTG.
By analogy with deamidation of A~gliadin 57-68 (Arentz-Hansen 2000), the
enhanced bioactivity of these peptides generally found with deamidation by {TG may
30 be due to increased affinity of binding for HLA-DQ2.
Cross-reacﬁvity amongst T cells in vivo recognizing more than one of these

bioactive gliadin peptides is possible. However, if each set of related peptides does



QLQPFPQPQLPYPQPQP( AGD2) 20 QLQPFPQPQLPYPQPQL( AGD3) g}g%gng?p\ég QP( AGD4)
QLQPFPRPQLPYPQPQP( AGD5)  QLOPFPQPQLPYSQPQP( AGD6) ~ QLQPFL ( AQD7)
25 QLQPFSQPQLPYSQPQP( AGDS)  QLQPFPQPQLSYSQPQP( AGD9)

PQLPYPQPQLPYPQPQP( AGLO)  PQLPYPQPQLPYPQPQL( AGL1) PQPQPFLPQLPYPQPQS( AGL2)

30 PQPQRRIPREBYPQPQS (AGL3) PQPQPFPPQLPYPQYQP( AGLA) pCT/GB03/02450
PQPQPFPPQLPYPQPPP( AGD15) 5 Decenber 2006 WD 03/104273 PCT/ GB03/ 02450 74

Briefly after oral antigen challenge%SSpecificities of peripheral blood T
cells reflect those of intestinal T Cell clones. In peripheral blood,

epi topes of Latgash hiBdlt T Phpul Gr!lﬁ’ﬂ% B SidpoRRbéiIRE CLBRAEd to A'Q' iadin
57-73 QE65, which is g[n ((3)p'?3|}gn]’laa,£1 a- |§n|¢1&g |% ktExarrpI e 15 ELI Spot

assays were Aal-$bE¢5s fp mgstgofentpuhis Yﬂjcﬁﬁﬂllz?ﬁd%’é‘”sleﬁfs"'of’/mflﬂé?\/\fs Fi ne- mappi ng

the domi nant §alm9¢lcars%t@%&mlﬁ9e m/aﬂ§r TG treated sequence
| sfc  VPQLOPONPSQOOPOEOV 76 RWPVPQL QP Q_QPQ\PSQQQ 90

VPQL QPENPSQUEREEER) 3 PVPQL QPONPSQQOP / 130 VPQ_QDRNPSQQQPQEQ\// 76
\é'f%gzggpg’QQgggl %&ﬁl@&%ﬁ’a@g@ﬁ@\?&%@ﬁ qu oumSn }SiE Q\/olgl%@qf@// 100
QPONPSQQOPQEdRRpesthat Yiiiered ey ﬁé EPMNESOEPREQY /| 27 DQB

G iadin Epitgpgee. %@%r,%@@ﬁ@elfal %mﬁ%@ﬁ@iﬁﬁ%@%&é@é&}m@ﬁ&%wﬁ 83

both HLA-DQ2 alleles did not recognize A-gliadin 57-73 E65 homologues. Two
different epitopes were dominant in two i—HJA-DQ8+ coeliacs. The dominant epitope
10 in one of these HLA-DQ8+ individuals has not been identified previously
(LQPQNPSQQQPQ (SEQ ID NO:46)).
Given the téaclli11g herein, design of an imriunotherapy for coeliac disease
utilizing all the commeonly recognised T cell epitopes is practical and may include
fewer than six distinct peptides, Epitopes i wheat y- and o-gliadins are also present

15  inbarley hordeins and rye secalins. .

Example 14
Several ELISpot assays were performed as previously described and yielded
the following results and/or conclusions:
20  Examination éf multiple a-gliadin polymorphisms with POLPY
7 Potent agonists of A-gliadin 57-73QE (GO1) include

QLQPFPQPELPYPQPQS (G01), PQL-Y P (G10), and PQPQPFL-
S (G12). Less potent incinde L------P {G04), -----me
Rewenmmnamee—-P (GO5), and S-——--P {G06). Less potent yet

25 include «—-—L Seeenn-P (GO7), —enmc§ S (GO8), e
eGP ((309), and PQPQPFP«nmcansmsenmnun- {(G13). Dashes indicate

identity with the GO1 sequence in the particular position.

Gluten challenge induces A-gliadin 57-73 QEGS T cells only after two weeks of
30 gluten-free diet in newly diagnosed coeliac disease
Additional analyses indicated that iTG-deamidated gliadin responses change

 after two weeks of gluten-free diet in newly diagnosed coeliac disease. Other



VPQLQPENPSQQQPEEQV / 2 GDA09 2020+t TG/ 17 VPQLQPENPSCERE. @ B +t TG’ 0
25 VPQLQPENPSQEQPEEQV/ 5 BI/ 0 Fi ne- mappi ng dom nant epi top Bool

(deam dated) / sfc A2b3 301 qqyp sgqg ffgp sqqn pgag / 2 3o A2b5 301 ggyp

sggg ffgp fggn pgag / 1 WMal 301 ggyp sggg ffgp sggn pgag / 0 A3bl 301

ggyp Ss@¥o&i@R7$9! n pgaq / 0 5 Decenber 2006 WO 03/ 3443354k GB03/ 02450
75 A3b2 301 qqyp ssqg sfgp sqgn pgaqg / 2 A4a301 egyp sggv sfgs sggn pgaq /

28 A bl 309 sfrp sgqn plagq gsvg pggl / 2 Aal 309 sfrp sggqn pgaq gsvq
pggl / 2 5 Exanple 16 Bioactivity of’® gliadin epitopes in | FNy-ELI Spot (25

ncg/inl, n=6 + PR-All: wild
type (V\7I') (4 naﬁ’%\ﬁsomf%%g%?g% réﬁfﬁegéﬂsu ?Ctﬁiét egls%qéy{ %P%Z@%? wild type
(W) (2), Wsf@ed.22), 4 u- substltuted (28) GDA09: wild type (W) (1),
W+t TG (7), Gdu-substituted (8) A-G31-49: wild type (W) (2), WI + tTG
(3), Qu-substituted (0) Dose response of Adiadin 57-73 QE65 (GO E) (n=8)
(expressed ap¥adiepitopd Flawesciersad glvtgsgholieped) 0. 025 ntg/ M (1), 0.05 ncg/ m

(8), 0.1 /m ) s . ncg/ m (43),
25 ol (52). 5 sy ghels Bned )P s dige Bucetinat, Y9 S0 Loal
(90)8 loohrrc@/LfﬂPFE(BB@LPYIPERSZS E@G%@ispp‘@swms)eERi’@pﬁgldpfa@ghy jsktinebes al one or
mxed with A G gliadin 100
mcg/m, PPD bet a?‘nf QL%&S?&](;@‘(@BE%{’%@?W¢@A S‘%‘%e) A one. DQR- Al
(20), D@-MWQPEQ?Q@%*‘P@QEBBE@%)I TG diadin (80), PPD (220), D@ binder
(0) GOLE+: DQ@2-Al (90), DQR-A2 (95), Orega GL (100), tTG diadin (120), 25
PPD (280), D@ binder (80) Effect of alanine and |ysine substitution

of A-gliadin 57-73 QE65 on | FNy ELI Spot

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). 'Fdr Iye,
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+‘cdeliacs. The hierarchy depends on what cereal is consumed.
Deamidation generates almost all gliadin epitopes. HLA-DQ2, DQ8, and DR4
present deamidated peptides. HLA-DQ2/8-associated coeliac disease preferentially

25 present DQ2-associated gliadin epitoi:es Gliadin epitopes are sufficiently restricted
to justify development of epltope-based therapeutics. -

Other analyses indicated the following: HLA-DR3-DQ2 (85-95%) and HLA-
DR4-DQ8 (5-15%).

Other analyses indicated the following:

30 HLA-DQ HLA-DQA1l HLA-DQB] Duodenal Gluten EMA 611
allele allele histology free = gluten
" (onGFD)



responses in individual coeliac subjects (n=8) Epitope ;
QLQPFPQPELPYPQPQS 30 Al ani ne substitution at positions %@«gg%&geﬁgogg 73
showed little to no .decrease in %A-gliadin 57-73 QE65 response. Al ani ne
substitution at positions 60- 62 and 68-71 showed noderate decrease in %
A- gl i adivwip sfroga33 QE65 response. 5 Decenber 2006 WO O0Fchitgddé4RCT/ GB03/ 02450
76 Alanine substitution at positions 63-67 showed nost decrease in %
A-gliadin 57-73 (QE65 response. Effect of |ysine substitution of A-gliadin
57-73 QE65 on I FNy ELI Spot response§7i n individual coeliac subjects (n=8);

5 Epitope se@%nojﬁé QaQDFRgI{)ELS@(P@@Sﬁ(}QySi ngygubst iyt pqc}at "posi tions
- showe

57-59 and 71 little to no decrease in % -glla_in 57-73 QE65
response. Ly§P¥he BubstitutiPbn at pd&litions $A61 andr69-HD0 showed noderate

decrease in %gg gjhg adin 5710%’%{5,%%261?%10”5ePVJ:YSi ne yySubgty tution at
S

positions 62- owed nost decrease In % A-gliadin57-73 QE65 10 response.
Exanpl e 17 T&Bte 2% shows OHESBEuPRISSEf and4ses ekam ntg the 652

peptides wt seyeral patherps chapyd gpged ¥yt h wh or ., . 15 References
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15 . Another analysis was canried out-to determine the bioaictiviw of individual tTG-
deamidated peptides in pools 1-3 in subject C12. The results are as follows 7
(sequence numbers refer to the peptides listed in Table 23): Sequence & (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%), Sequencé 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 determined by ELISpot

Reader)

Péptide (see Table 23) Col C02 CO03 C04 CO5

65 16 2 1 2 3
30 66 32 6 13 0 6

67 16 3 0 4

68 25 8 2 2



intestinal T cell response to alpha-gliadin in adult c g{%;,% IS
focused on a 5 Decenber 2006 WO 03/104273 PCT/ GB03/ 02?155% ei%?gﬁe

deam dat ed gl utam ne targeted by tissue transgl utam nase. J Exp Med. 2000;
191: 603-12. 12. Vader LW de Ru A, van der Wal, Kooy YMC, Benckhuijsen W
Mearin MQosfoadxi | fhout JW van Veel en P, Koning F. Dpegisbseiiksy of tissue
transgl utam nase explains cereal toxicity in celiac disease. J Exp Md
2002; 195:643-649. 13. van der Wl Y; Kooy Y, van Veelan P, Pena S, Mearin
L, Papadopoulos G  Koning F. Selective deam dation by tissue

transgl utam né,se strongly enharces ¢ 10 gliadin-specific T cell reactivity.

J | mmunol . 19,29%-; 161: 1585- 8. 1%. van der. Wal_Y, Kooy Y, van Veelan P, Pena
S, Mearin L, | berg 0, Lundin® KEA Sofl dq_, Mitis T, Benckhui j sen VA,
Drijfhout JW7iKoning F. Proc Natl 3AcadoSci gUSA 1998; 95:10050-10054. 15
15. Vader W Kooy Y, Van Veel eg P % al . The gluten response in children
with celiac di'sease is directed toward Prultiﬂple liadin and gl utenin

pepti des. sGastir oenterol ogy 20025 129: 1729- 33120 #6. Arent z- Hansen H, MAdam
SN, Mol berg 0,, at al. Celiac Iﬁ?j'con T cells _ . recogni ze epitopes that
cluster in regions of gliadin h 1i5n_ pfol i fe resi dues. Gastroenterol ogy
2002, 123:8037%809. 25 Each of the RCT pablieations, U. S patents, other
patents, jourpal references, an y ofher publjcations cited or referred
to hereinis iI%I’}COI‘ por at ed her eilﬁg,bya/lgr ef @?e‘nclg i%"r their entirety. 5
Decenber 200677 WO 03/ 104273 PCT/-CB@3/ 02450 78 Table 1. A-diadin protein
sequence (basgd on amno acid quenci n%) \gRVPVPQ_QD QNPSQQQPQE QVPLVQQQOF
PGQQQFPP: PQPQPFP SQQPYLQL F&;PQ. YPQ” 5 111 21 31 41 51 61
PQSFPPQQPY PQRQPQYSQP QQPI SQQQaR QA1 QA LQ QQLI PCMDW

LQOHNI AHAR 77 81 91 101 Il 121 131 SQ?JC;&ETYQ LLQELCCQHL WQ PEQSQCQ

Al HNVWHAI | L QRQAQ PSSQVSF LQQYP LG 1471 151 161 171 181 191 201
10 FRPSQONPQA1QGSVQPQQLP QFEEI RNLAL QTLPAMCBVY IAPYCTI APF G FGTN 211 221

231 241,251 28(31 | 5. 3 s ) ) i

Is 83 14 2 0 0 1
84 3 0 0 0 0
85 _ 14 12 1 2
36 I .0 2 0 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 TESpONSE, Or to
determine when a tesponse 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 20me gﬁnl) (n=4)
Alone POATIZE+



Table 2. Coeliac disease subjects studied Age G uten Hldyp - e
Synmptons «Sex free diet challenge with bread 1 64 f 14 yr nobzygote 3
days .'Abrdolfn' nal pain, lethargy, nouth ulcers, diarrhoea 2 . 57 ml yr

Het er ogygote 10 days Lethargy, nausea 3 35 f 7 yr Heterozygote 3 days

Nausfa} 4 /36m 6 wk Honpzygote 3 days Abdomi nal pain, mouth ulcers,
di arrhoed 5 26 m 19 yr Heterozygote 3 days None 6 58M 35 yr Heterozygote 3

days None 7 55 in 1 yr Heterozygote 3 d&s Diarrhoea 8 48 f 15 yr

Honozygot e 3 dayg,gglom nal pain, di a(rjlrsgoea 15 5 Decenber 2006 WO
03/ 104273 PCT/ GBOE/ 02450 /9 Am noaci at position 65 Range Mean

G utamate (100) PEGPE Asp8Pagi ne (50-84p 70% Aspartate (50-94) 65%

Al ani ne (44-76) w44 Cysteine (45-83) K2% Serino (45-75) 62% Valine
(24-79) 56% Threonine (46-66) 55% dVcine (34-47) 40% Leucine (8-46) 33%
A ut amae (16- 21)*Ptrssed papsrasnidOFE2E) (3- 25) 14% Met hionine (3-32)  14% -

5 626+T: PQQPQQPQQPFPQPQGPFPW
PO4724E: QLQPFPQPELPYPQPQL

TTG-deamidation of peptide 626 (n=12)
10 NotTG=100%
TG =170%

Substitution at particular positions
Substitution of Peptide 626 PQQP[Q1 ]QP[Q2]QPFPQP[Q3]QPF_P“!(}1=12)

15 - Gla Arg -
Q1 95 99 ‘
Q2 145 80
Q3 155 10

(expressed as percent wild-type peptide)

20
Bioactivity of tTG-treated 15mers spanning Peptide 626/627
(PQQPQQPQGPFPQPQQPFPWQP) (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) IPEA/EP




Phenyl al aani ne (0-33) 12% H istidine (0-13) 8% Tyrosi %
Tryptophan (0-17) 8% Lysine (0-11) 4% Proline (0-4) @ﬁ %%q]%lb%%@(o 2) 1%
Tabl e 3 pt response Peptide sequence Correspondi ng residues in glindin
protei n sequences (Accession no.) C TG 13). QQPFPQPQLPYPQPQS 57-73

a- A i adiwo (3fo4mest i wr) Q41545 100 (100) QL QPFPQPELPYR@R{H3M%4s7/3 a-d i adin
(T. aestiwm) Q41545 7) 53 (44.67) QLQPFPQPQLPYPQPQP 77-93 a/p-diadin
precursor (Tricetum aesdw ) P02863 o6- 92 a-diadin (T. aestiwm 1528
77-93 a-diadin storage protein (T. aestivum) Q41531 57-73 a-diadin

mat ure pcp' ti Qe Stivun) Q41533 77-93 a-diadin precursor (T. spelta)
Q@ZP09 -20) 83( 113 % PY&(}’ 77-93 alp-diadin A-lr precursor
(T. acstivum P04?Q4724%%L %%P EPFPOPQLPYPQPQL 77-93 a/A-diadin A-N
precursor (T. aesf pwd iadin IvQutl precursor

(T. aesdvum P18573 7) 109 33241 18 FPQPQLPYPQPQP 84-100 dp-diadin A-N

precursor (T, aes®Muime)eppope7QRRQEERPYREFRY PYPQPQL . 84-100 a/0-diadin Mvl |

brecur sor { T. - aesiRoufRA&A¢ fpied cHBYO) GhBRL BB IRBL uify 03 & i adi
A-1 precursor (T. aestivum 8 g Giadin (T. aestlvun) 41509 1)

2(0-7) Q_QPFSQP@F&M&D@}PIW By FHJ%HOF ﬁwf)ﬁse% Mrlfag@ﬂw@%@ﬁtw depietionest i vum

Q41530 PQPQRREB @%oﬁgd'x%?h 286 DEk eﬁﬂlalziuhﬁ i'il{eFmP rl%ﬁéJEh%@ENﬁjT aestiwm
P04723 .40) 24(11.43) QPFPPQLPYPQP Jiadin AV precur sor

(T. aesti vunsepeimEiENT &59 toandp Baﬁsommn@;s BpigpepgBinnD- G i adi n
cl one PWL215 ﬂ;)é’ ursor (T aestivurn) P04726 82-98 a/p-diadin (T. drans)
41632 . 30) 21( FLPQLPYPQPQS 79-95 a diadin clone .PW8142
precursor‘D(T aes‘II3 D@ antj dﬂ&‘t@m@’F@d?ﬁ’qal((%OdYéébQWfWﬁ‘)teS@lSZQ 79- 95

al p-Giadin parn@ﬁb&ﬁ&ggotéﬁorm%bayums @%ﬁﬁi muifigl bfitofesvilteGagber 2006 WO
03/ 104273 PCT/ G803/ 02450 80 able 5 epi topes described in coeliac

d| sease sequence.

T cell epitopes in coeliac disease

15 Other investigators have characierized certain intestinal T cell cione 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 nsedto clone T cells.

20  Intestinal versus peripheral blood clones
Intestinal: 1) intestinal biopsies, 2) T cell clones raised against peptic-iryptic digest
of gluten, 3) all HLA-DQ?2 restricted, 4) clones respond to ghadm deamidated by
fransglutaminase.
Peripheral blood: 1) T cell clones raised against gluten are HLA-DR, DQ and DP
25 rtestricted. Result Intestinal T cell clones can be excluswely used to map coeliac

disease associated epltopes

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



,urce Restriction- Frequency Sequence* tnmma-gliadin %%9%58@
QALPQPEQPQQSFPECERPF pha-gliadin DQ2 12/17 (i TCL) QL pha-gliadin
D@ 11/17 (i TCL) PQPELPYPQPELPY pha-gliadin DQ2 1/23 (bTCC)
L GQQQPFPPQQPYPQPQPF pha-gliadin D@ 3/ NS (i TCL) QQYPSGEGSFQPSQENPQ utenin
DB 1/ 1 wo bBEe78QQGYYPTSPQRSGQ  pha-gliadin DQ2 11/ 1cikByigso
QLQPFPQPELPYPQPQS not st at ed in original publication, i TCC intestinal T
cell clone, i TCL intestinal polyctonal T cell line, bTCC peri pheral bl ood
cell clone .11 pepti des are t he” prodlicts of transgl utam nase modifying wild
type gl uten peptid jble 6. Relative
bi oactivity of ¢ |d§§ %ﬁsﬁgrﬁﬁ %%Eotélg@?ﬁgeégé |eg%lﬁgmga%mgr gl uten
chal | enge mm@hnﬂbtﬁp,thxP b@phoi@é, laSG{E(l?AAQb Hiadospd Gateid Bre QE6S (al |

%??C%?Li " SRR g i Sl el F L e BRI ESERF By 48(9)
LPYPdDEL Py F@mﬁ@mme@enmmwwﬁwmwn@@m( 7) 87(7) 100
transgl ut amq;%%o?’g%fa }?%gg%%hah%%&?gwgoqgﬁ'g%lﬁﬁ& gﬁlﬁi+ epi tope Wld type

is the unrmd?QH(;&dPthngtychrdupimat@ﬁeAnmna' of Teell dossitspmed b eillBi/amk was 5 (1) % 5
Decenber 20 P Qgﬁ bl e 7. Pol ynor phi sns of
A-gliadin 5 %gpQgé/P%u n(?:%g gyg\?@iﬁ ro%@ﬁg613 |%iaautunn wheat strain

M oel ner Al pha-gliadin protein (single letter code refers to Fig. 14

pepti des) Polynor 4 gliadin (from sequenced protein) 57-73 (A)
QLQPFPQPQLP ng@d‘”%&?f’éﬂﬁ 6: (EMBL: AJ133605 & AJ133602 58-74) (J)
QDQDFPPP@_P\@B@'@lda@ibyudnpglaar@pasaS (EMBL: AJ133606, AJ133607, AJ133608

57-73) (| FP AJ133604 57-73) (E
Q@F%&&P%%%@Sﬁggog gglg“ hﬁ ‘%ga‘?é\?@@%m Q_QPFPQPQ_PYS%JPEQP) ai
al pha 10: ( EMEQEFPAPEBBBAIPGS/-73) (D) QLQPFPQPQLRPYLQPQS 5 B. SW SSPROT and
%ﬁgg&%&@ RiohQ Dgh-LABE BEFS R BYhAS o IRPEE By OIS By

\5  Intestinal T-cell Clone Epitope Mapping

o-Gliadins Al PFPQPQLPY
. A2 ‘ PQPQLPYPQ
A3 * PYPQPQLPY
Glia-20 PQQPYPQPQPQ
20 [-Gliadins Gl PQQSFPQQQ
| G2 IIPQQPAQ
Gi .  FPQQPQQPYPQQP
G4 FSQPQQQFPQPQ
G5 LQPQQPFPQQPQQPYPQQPQ
25 Glu-21 QSEQSQQPFPQQF

Glu-5 QULYPQQPQQF
Glutenin G156 PFSQQQQSPF
Glt-17 PFSQQQQQ
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Wheat (Triticum aestivum unl ess stated) gliadin accessi n
Pol ynmor phi sm Q41545 A-gliadin (from sequenced protein) @e%g-m%i%ooe

QLQPFPQPQLPYPQPQS SW SSPROT: GDAO WHEAT P02863 77-93 (F) QLQPFPQPQLPYSQPQP
ODA | WHEAT P04721 77-93 (G QLQPFLQPQLPYSQPQP GDA2 WHEAT P04722 77-93

(B) L QRRPRAGLAYPQPQP  CGDASWHEAT P04723 77-93 (0) PORGRRRRSMANPATQP
GDA4  WHEAT P04724 77-93 (O QLQPPPQPQLPYPQPQL GDA4 WHEAT P04724 84-100

(K) PQLPYPQPQLPYPQPQP GDAS5 WHEAT P04725 82-98 (N) P P PFPI' QLPYPQPQS
CDA6_WHEAT P04726 82-98 (P) PQPQPFPPPYPQPPP GDA7 WHEAT P04727 79-95 (M

R O S e s i 12 8

(K) i QLPYPQPQUPHR@RGRal BIBRENBL Q41509 ALPHA- GLI ADIN 77-93 (G
StSE.Z.L%BFE@%@%W%@E%%@E%&%éE%fo%Spﬂi’%ﬁ%%? >
QL QPFSQPQL PYSUPGR by @1tes3aposirP(3Alags HrabZ pgiiay)oBil¢wed bOelgRR RGRLEPYSQPQP @1533
(i ot ek PR TR b ST B 0 12
(P) P P PFPPadRyPepRiitenQbiieas: Atoikiin 831-T3ADEGN (FEsults txprassed pe [Ny 77- 93 (F)

QL QPFPQPQLPY, 3 1%817%*;93' V@006 WO 03/104273 PCT/ GB03/ 02450 82 Table S.
Bi onetivity %gagﬁjstsﬁut var)?ants of A-gliadin 57-73 QE65(Subst) conpared

to unnodi fied A- gPayddname 65, Ingeek BV (2), fwarks 100% 95% C197- 104) and bl ank

(no peptide, bl) L %e% G weels (428 t' %P vs G Subst %P vs
G Subst %P vs GI§S R AR E%Ef ool S)S%%%ae@ oni sts F62 71 0.001 H62 47

- <0. 0001 N&6 24 <R¥dx Dw@mom@glm.f@@@iem@m EX{ppogespomssoondiay €0. 0001 R64 24
<0.0001 1 ansy : <Or K63 23 <0. 0001
Agoni st s 116%19'9%}? 8810%‘9%’%&%3&4@%@ 3‘8@%“{%@%&28&3@8% “Wo 119 0.017 F63
70 0.008. Mp®onikion BREMCHG66 23 <0. 0001 :

Day 0: none (45), 1 week (62), 2 weeks (5), 8 weeks (5)

Day 6: none (0), 1 week (67), 2 weeks (40), 8 weeks (60)

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 JFNy
specific spots/miiiion 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 challenge: 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: TG (vesults 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-DO2 coeliac disease on long ter:m gluten



K57 118 0.02 P70 69 <0.0001 D68 46 <0.0001 He7 22 <0.0?% )%i? éég 0.04 T62
69 <0.0001 V69 46 <0.0001 L64 22 <0.0001 A57 116 0.046 LT %001 &3
45 <0. 0001 S66 22 <0.0001 S70 116 0.045 S61 69 <0.0001 V64 45 <0.0001 F67
21 <0.0001 K58 114 0.08 T61 69 .<0.0001 E61 45 <0.0001 W6 21 <0.0001 Wh9
110 0. 2%wd 65104293 <0. 0001 A69 43 <0. 0001 C64 21 <0. 000%ct/skdsds 0. 24 Mb6 68
<0. 0001 R62 42 <0.0001 G65 21 <0.0001 159 108 0.37 T69 67 <0.0001 68 42
<0. 0001 D64 21 <0.0001 G5B9 108 0.34 K60 66 <0.0001 A64 42 <0.0001 165 21
<0.0001 A58 108 0.35 562 66 <0.0001 €65 42 <0.0001 Ms4 20 <0.0001 <0.0001

V60 105 0.62 NI 61,66 <0, < 1 087.19..<0..000% <Q. 0001 A59 104
0 61 Per bn- <0 oCUTTRI et ?égl‘%%’g‘ésﬁ.‘c"gbﬁ?e&“’g%‘gg&%? 104 0. 65 NB2
64 <0.0001 RfGdbd das- m@@dr3,a@ﬁg1meaeh@11e®@@1 <0.0001 S59 103 0.76 Q61 64

<0. 0001 N68 40 .<0. 19.<0. . 0.8, Gl 64 <0. 0001
V8540 <0 odo IR s DA ey g@%ﬁ“%%%ﬂﬁ%@ﬁé?% B 0001 Hb9 40
<0. 0001 W67 #hA-DQabody) €Bp@ailas %ahbibiliod 0. 96 L62 60 <0.0001 MB9 40 <0.0001
K68 18 <0, 0001 < 21000, 8 - 0001 He4 18
20,0001 2b. 0001 TEe Geetehs 1vdpghudfbsy et ?/@'59 QB4 el 818 <o o001
0. 0001 1(591’1@1551@094&1(!&6)1 59 <0.0001 Q69 39 <0.0001 Q65 18 <0.0001 0.0002
160 96 0.5 169 59504000, 0 08 G70 95 0.41
Vel 58 0 0001 xa¥ SBCEel Pl Bdboy- 5 uEs 0 Miered 0 4s a1 58

<0. 0001 K62 H&Kﬂc@ﬁHIS)N64 16 <0. 0001 <0.0001 E70 93 0.27 E60 57 <0.0001
B T A e T
MBS 14 <Qo OOBple6d BREIC ré@s88 0. 08 F68 56 <0. 0001 G52 36 <0.0001 D66 14

' <0.0001 0.013 0 . 001, F69..36 00, GROL 14 <0. 0001
0.002 1(71 85 (h)/%?}z,fg&?fg’é" ae R %@3@‘?’9@?33@1%%83%% sts V62 84
0.04 AG8 53 <0. 0CEIdeyBTor3EGgindiog16 [RBY, A-glisdo, YOO 1=D(0LEPD 270 84 0. 04 P66 53
<0.0001 D62 35,<0. 0001 E64 12 <0 0001 0.053 161 83 0.01 R61 53 <0. 0001 R68
34 <0. 0001 11 <0.0001 0.24- V68 82 0.0045 S68 53 <0.0001 Q66 34 <0.0001
G4 11 <0.0001 0.8 deflBonBIT Gagliadin M6 18 2A¢Ba0T73A69 (BFPRO-8001 G66 11

<0. 0001 arti al agonists N69 51 <0.0001 N62 32 <0.0001 R65 11 <0.0001

0. 26 V\lﬁg5 79(1 1002 E63 51.<0.0001 F66 31 <0.0001 Y67 10 <0.0001 0.13 A60
78 0.002 T64 51 <0.0001 E62 31 <0.0001 E66 10 <0.0001 0.17

Therapeutic peptides include, but are not limited to
QLQPFPQPQLPYPQPQS (AGO1)
QLQPFPQPQLPYPQPQP (AG02)
20 QLQPFPQPQLPYPQPQL (AG03)
QLQPFPQPQLPYLQPQP (AG04)
QLQPFPRPQLPYPQPQP (AGOS)
QLQPFPQPQLPYSQPQP (AG06)
QLQPFLQPQLPYSQPQP (AG07)
25 QLQPFSQPQLPYSQPQP (AG08)
" QLQPFPQPQLSYSQPQP (AG09)
PQLPYPQPQLPYPQPQP (AGL0)
PQLPYPQPQLPYPQPQL (AGI1)
PQPQPFLPQLPYPQPQS (AG12)
30 PQPQPFPPQLPYPQPQS (AG13)
PQPQPFPPQLPYPQYQP (AG14)
 PQPQPFPPQLPYPQPPP (AGO15)



Y62 78 0.006 T67 51 <0.0000 D69 31 <0.0001 K66 10 <0.0
0.003 Y69 50 <0.0000 D67 30 <0.0001 R66 10 <0. 0001 O. 2396%fT%%$2§a%03 D63

50 <0. 0001 Ms7 29 <0.0001 K67 10 <0.0001 0.11 W2 76 0.0009 A65 49 <0.0001
Y66 28 <0.0001 P65 8 <0.0001 0.57 @0 76 0.001 K61 49 <0.0001 167 28

<0. 0001 wipdh/1942%9. 0001 0.82 L63 74 0.0002 166 49 <0. QRkpioezk6 <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 L68 .48

<0. 0001 E1C65 25 <0.0001 W8 72 <0. 0601 @8 48 <0.0001 T66 25 <0.0001 5
Decenber 2006 WD 03/.104273 PCT/ GB03/ 02450 83 5 Table 9. Antagoni sm of
A-gliadin 57-73 QE65 interferon gamma ELI SPOT response by substituted

vari ants of Rsiglly &l eral5Htiges clghee, (S}Slaﬁ’siti)ts (fperipheraldilagA Ticelbsagileet | evel in

unpaired t-t conpared to
A-gliadin 57%?’%9 égé%ﬁl %§t§ @%‘gdgﬁﬂvﬁné aggltggﬂdﬁiﬁt)oﬂl Bf@g%mﬁe%%om st. Subst
Inhibit P % a]gmslasetsub opintabgporpined to A68RADF 703 0B63, whick 5En 2@in@! @04 19 65M 13
0.16 14 8 1%:% 0 g%;‘a 29 68P 13 0.16 26 64W26 0.007 18 63R 13 0.19 19
67W 25 0. 0088 19 B6C:- 12 0.19 .11 Potential antagonists 65Q 12 0.2 18 671
24 0.013 10 65Y 12 0.22 7 67Y 24 0.013 21 66S 12 0.22 22 64G 21 0.03 21
67F 11 0.25 %% 19451?5 21 0.029 16 66R 10 0.29 10 65L 20 0.046 26 67K 10 0.29
10 66N 20 0.0%7 64F. 10 0.29 16 . 65H 20 0.038 16 65F 9 0.41 16 64N 19
0.05 16 63P 8 0. 4BLIfpot agayy WeB apo OBTIEUEHEKBINGIUpoBs asgdlews.0 0. 048 28 64Q ,

7 0.49 11 6%%;@%8@5%&%%&@@3Qséi&%epz%é 18 0.058 30 68K 5 0.56 19

6711 18 0.05

10 . Sequence/ sfc ' tTG-treated sequence / sfe
. VPQLQPQNPSQQQPQEQV /76 RWPVPQLQPQNPSQQ /60
WPVPQLQPQNPSQQQ / 90

VPQLQPENPSQQQPQEQV / 3 PVPQLQPQNPSQQQP/ 130
VPQLQPRNPSQQQPQEQV / 76 VPQLQPQNPSQQQPQ / 140

{5 . " PQLQPQNPSQQQPQE/ 59
VPQLQPQNPSQEQPQEQY / 100~ QLQPQNPSQQQPQEQ/ 95
VPQLQPQNPSQRQPQEQV /1 LQPQNPSQQQPQEQV /30

' QPQNPSQQQPQEQVP / 4

VPQLQPQNPSQQQPEEQV / 71

20 VPQLQPQNPSQQQPREQV /27 DQS Gliadin Epitope

| GDA09 2020/ 6

VPQLQPQNPSQEQPEEQV /81  GDA(9 202E/ 83
' VPQLQPENPSQQQPEEQV/2  GDA09 202QHTG /17
VPQLQPENPSOEQPQEQV /6 BI+IG/0 |
25 VPQLQPENPSQEQPEEQV/5  BI/0

Fine-mapping dominant epitope (2)

Pool 33 (deamidated) / sfc

A2b3 301 qqyp sgqg ffgp sqqn pgaq /2
30 A2b5 301 qqyp sgag figp fgqn pgaq/ 1

A3al 301 qqyp sgaqg ffap sqqn pgaq / 0
A3Db1 301 qqyp ssqv sfap sqla pgaq / 0



Non- ant agoni sts 65G 5 0.62 15 65V 17 0.07 23 64M 4 0. %%e 5% é@ 0.086 21
66H 4 0.66 23 66T 17 0.069 25 66 E 3 0.76 10 65Wi5 8 G_L 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 0.11 8
661C 0 0.98 10 66W15 0.12 21 64K -2 0.88 8 67G 14 0.14 19 64L -11 0. 26

22 66AWdihedd3 19 Table 10. Inhibition of A-gliadi nppfrehiszédaap | nterferon
gama ELI SPOT response by peptides known to bind HAA-DQR (P is
significance level in unpaired t- test) 20 Peptide % Inhibit. P TP 31
<0.0001 HLAla 0 0.95 5 Decenber 20065 WO 03/ 104273 PCT/ GB03/ 02450 84

Tabl e 11. Antm@,bp sqﬁ‘sﬂi)kq@lﬁi -73 QE65 interferon gamma ELI Spot
response by natural occurri ng 80 ynor phi sm; of A-gliadin 57-73 QE65 (P

is significanm® Pév@bfpﬁgﬁ‘fﬁfﬁwwenﬂaql%gest) A-gliadin 57-73 QE65

pol yror phi s s by 98 QE90 PCPCPFPPELPYPGPOS 19 0. 009
Q41509 77- 93 %ELE 15%3@@2 15 Qi a 1,6 58-74 QE66

QPQPFPPPELPY Q@%iﬁmqrgpqammml 7 - 93 QE85 P P PFPPELPYPQTQP 10 0.14 Of
a 3-5 57-%3 QE65 Q_QPFPQPELPYSQPQP 7 0.34 P02863 77-93 QE85
QLQPFLQPELPYSQPQP 6 0.35 1509 77-93 QE85 QLQPFLQPELPYSQPQP 6 0. 41
P04727 79- 95 EetBEe BOPOPFLPELPYPQPQS 6 039 P04726 82-98 QE90 P P

PFPPEL PYPQDPEzo'éctﬂuzﬂ;}" glicdiPepitsfe® BNy 20RS: (Mzc@z%zl n—g')z(z:c%relis%} L B2 02450 85
gliadin 57-73 OF65 response)
DQ2-AIL: wild type (WT) (4), WT+ TG (52), Glu-substifuted (52)
10 DQ2-AL wild type (WT) (2), WT +1TG (22), Glu-substituted (28)
GDAOY: wild type (WT) (1), WT + TG (7), Glu-substituted (8)
A-G31-49: wild type (WT) (2), WT + tTG (3), Glu-substituted (0)

Dose response of A-Gliadin 57-73 QEG6S (GOIE) (n=8) (expressed as %GOIE
15 maximal response)
0.025 meg/ml (1), 0.05 meg/ml (8), 0.1 meg/ml (10), 0.25 meg/ml (22), 0.5
meg/ml (38), | meg/ml (43), 2.5 meg/ml (52), 5 meg/ml (70), 10 meg/m] (81), 25
meg/ml (95), 50 meg/ml (90), 100 meg/mi {85).
IFNy ELISpot response to gliadin epitopes alone or mixed with A-gliadin
20 57-75 (GO1E) (all 50 meg/ml, 1TG-gliadin 100 meg/ml, PPD 5 meg/m}; n=9)
{expressed as % GOIE response) |
- Alone: DQ2-AL (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), {TG 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 litfle to no
. decrease in % A-gliadin 57-73 QE6S response. Alanine substitution at positions 60-
62 and 68-71 showed moderate decrease in % A-gliadin 57-73 QE6S response.



Tabl e 12. Prol am n honol ogues of A-gliadin 57-73 (excl }%@Tberz 06 .

al pha/ beta-gliadins) Prolamn Accession nunber Sequence Y oaCtivity*

V\heat a-gliadin A-gliadin (57-73) Q.QPFPQPQLPYPQPQS 100(0) Wheat :
u-gliadin AAGL7702(141-157) PQ ........ ... .. . . Rl QSE

32(6. 4) w@@ﬂu@h’s C hordei n Q40055 (166-182) ... QPFPL pcygRosin24s0

........................... Q2.3 (2.0 V\heaty gliadin P21292 (96--112)
.QTFPQ ............... F ...... QPQ 2,1 (4.2) Rye secalin Q43639 (335-351)

........................... ®H1.6(1. Barl ey: y-haidein P80198

QD
f:ié 3(152 ( 67 ggrﬁ;%}substmot at positiorts ?%gﬁd 15!1%3%&:6@‘3 b ‘gu\?g@ga?m lsméeg | ut e n| n

gl ut eni n  POSABES €HeBe734) HGYYPTS......... SGQGQRP 6. 4 (4.0)

Woat DMl ot ert 1036 PIRT b H AT TAGRS P??NVE@%%R(&E”S 70.5)

Wheat : LMN glesioeses in iGH60BBcopr4up@B)n=8);. 000RQL. . . . . . ...EQSRYD -1.1 (0.3)
Barley: B 4 000QQL. . . ... L. . EQFRBE 1. 8(1 . 4)

Bar | ey: Bf%odg%;‘gs%%&‘gg% @9&‘;@}%%%%% ...... | SEQFRBE 0.5 (0. 9)

*Bi oactivity is expnesbsiutng apeii¢espoo9 i 7ii7 ghowed lile Winoldepapt | de 25nTg/ m
plus t TG Sntg/, : : WM dadin 57-73
25nmcg/ M pl ugl ﬂ% CHI&I?Y ﬁb%ﬁ%ﬁ%%@%?ikﬁ@%%%ﬁm{aggﬁm‘% & 1)%ngheptl des were
pr ei ncubat ed70/ahbhedtnT@eﬂablde@¢aS®ﬁ@ Atghadig 57¢) 3@6@%@%@@1@ n A-gliadin 57-73

by tTG 5 5 2 A2 g E65Tab| e 13.
Clinical det %ﬁ%gmgﬁﬁtg% ﬁ&ﬁi’%%%ﬁ%{é&?ﬁﬁ%@&é&%%ﬁ 7H§A— DQB1 Duodenal
d uten friee Eyonsn gluten alleles alleles histology (on GED) CO 2, 6
102/ 6, 501 201,602 SVA | yr +(-) €02 2.2 501 201 SVA 1 yr +(-) Q@03 2,5

101/ 4/5, 501 201, 501 PVA Il yr +(-) Q04 2,5 101/4-5, 501 201, 5 0 11 SVA 7
yr +(-) COS5Egmiplol¥l, 501 201, 202 SVA 4 o +(ND) Q06 2,2 201,501 201, 202

SVA 2 yr +(-) , . £ ) COS 2, 8 301-3,
501 01,302/ 8 svgo'ﬁ% X gﬁ%g#e%““lgso"é%?@% gg‘%’-@i/tﬁ’%&&%ﬂ“@%‘)ﬂtﬁoz SVA 29 yr +
() GO 2, scpeal moaisakaioned SURvhELorye T + (.) Gl 6,8 102/ 6, 301 3

602/15,302/8 1EL 9mo - (ND) C12 8,7 301-3,505 302,301/9-10 SVA 2 yr - (-)

(
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C33 8, 8 301 302 - SVA 1 yr +(+) SVA subtotal villous aé %%%){b B 6Bpart|al
villous atrophy, EEL increased intra-epithelial atrophy, en- free
diet ND not done. 5 5 Decenmber 2006 WO 03/104273 PCT/ GB03/ 02450 87 Table
14. I LA-DQ2+ Coeliac (C01-6) and healthy control (1101-10) IFNy ELI Spot

r esponse&ag bpoeent rol peptides (20 tg/m) and gliadind3RGenesss ) before

and after gluten challenge (sfc/mllion PBMC m nus response to PBS al one)
Pepti de Heal t hy Day 0 Heal t hy Day 6 Coel iac Day 0 Coeliac Day 6 P04722
77-93 0 (-4 to 17) 0 (-5t0 9) -2 (-Fto 0) 27 (0O- 100)* P04722 77-93 + t TG

01 Y i g%am@féesézw%g&% ity %% e 1 2 0

13) 2 (-3t (3t02)8(2to42)** P028637793+tTG 1(5to
4) -1 (-4 to.1 TRy 50 (-4to 13) 0
(24 to(14 - :L/)a Ve a ?rv(hﬁ A 1153%%’” 2((-5 to 22))
18 (0 to 18 °§%m ij‘“ 1ymjttypsin+tTGO
(-1to 28) 1 1(m§cet Tf}?il)ly* ? @est o 384)** Chynotrypsin
0 4to5 n +tTGO0 (-5
to(8) 6 (o)hé3 e f 5 m%gig.Vﬁsh (4to 28) o
(0 to 18 °1 “ npepsin + tTG 2 (-3

1 é%%m su?tr JI
to)80)(2 ( g&‘a Tﬁ‘f‘f T et ( Q ?12’55 3o 406)** PepS|;1 0 E A to
10) 0 (-3 tq,12 27U e%&Pp§a§° tlbg%gc C§nt08 0 (-5 to
?1)(%) §o64§ Oq%}% 193*15% J “t E ﬂﬂlﬂ‘t‘:ﬁ"gg%@ ¢ e ;3) 54De(i31/ Eoviz)
Day 0: *P<0 , .
Si gned- RANk o . / / /02450 88 Table
51 é %v 08 (Xed‘ft&%\%?tf 4D 2/, gléu% E’(}I @%ﬁ

1 by one-tailed WIcoxon Matched-Pairs
15. Effect o and A-gliadin57- 73
honol ogues on S§ Igu%ﬂégl + coel iac (C01-6) and

heal t hy contr -1 malan ratio tTG no tTG pretreatment, 5

e T

residues. Gasiroenterology 2002, 123:803-809.

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.



diadin pepsin 1.4 (0.5-1.4) 1.4 (0.8-4.0)* 1.9(1.1-4.4)%* ﬁ%@é’o‘{;?_ 93 @85
6.5 (2.3-12)** P04722 77-93 E85 0.7(0.6-1.1) P02863 .
(3.9-19.9)** P02863 77-93 E85 1.0 (0.8-1.2) TTGno tTG *P<0.05 **P, 0. 02,
***P<0. 01 by one-tailed WIcoxon Mtched-Pairs Signed-Ranks test 5 Decenber
2006 Wrdh94273 PCT/ GB03/ 02450 89 Table 16. Heal tpgy/ciabigat s: | FNy

ELI Spot Responses (>10.sfc/mllion PBMC and >4 x buffer only) to
tTGtreated gliadin pepti de Pools on_Day 6 of gluten challenge
(sfc/mllion PBMC) (italic: response78al so present on Day 0): G oup

1- HLA- DQ2 ( DQA1*0501-5, DB1*0201) s G oup 2 -HLA-DQB (DQA1*0301,
DQAB1*0302) and absent or "inconplete" D@ (only DQA1*0501-5 or D@B1*0201)
G oup 1 G ouPaile 1.Sh6fliedin pidten sdg0ncpiiBscliopaminOBidse@eppiyz) HO8 HO9 H O 1111

1{LAD 2,6 R ofrsRighs Sk Bigbeolocdirio s ngg,qu FQQ&Q&PFQ%JY;Q 2. 3413 5.

17 24 65’31 4s . 6016 17 18 . 20 19
PQSFPPQQPY PQPQPQYSQP QQPISQQQAQ QQQQQQQQQQ QQQILQQILQ ?%LIPCMDW !;%Q*ﬂ*!
SQVLQQSTYQ LDQELCCQHL WQEPEQSQCQ AIHNWHAII LHQQQKQQQQ PSSQVSFQQP ;}?QYP LGQGS
' 141 Ist 161 171 18
10 FRPSQQNFQA QGSVQPQQLP QFEEIRNLAL QTLPAMCNVY IAPYCTIAPF GIFGTN
211 241 251 261

Table 2. Coeliac disease subjecis studied
Age Gluten HLA-DQ2 Bread. Symptoms

pain, diarrhoea

Sex free diet ) challenge with bread
1 641 14 yr Homozygote 3 days Abdominal
pain, lethargy,
mouth ulcers,
diarrhoea
2 . 3m 1yr Heterozygote 10 days Lethargy,
nausea
3 5f Ty i{eterozygote 3 days Nausea
36m 6wk Homozygole 3 days Abdominal
pain, mouth
uleers,
diamrhoea
©5 26m 9yr Heterozygole 3 days Nome
6 S8m 35y Heterozygote 3 days MNone
9 5m lyr Heterozygoie 3 days Diarrhoea
8 48f 15yr. Homozygote J3days - Abdominal
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Aminoacid at position 65 Range Mean

 Glutamate (100) 100%
Asparagine (50-84) 70%
Aspartate (50-94) 65%
Alanine (44-76) £4%
Cysteine (45-83) 62%
Serine : (45-75) 62%
Valine . 24-79) 56%
Threonine . {46-66) 55%
Glycine (34-47) - 40%
Leucine (8-46) 33%
Glutamine (16-21) 19%
Isolencine CT (3-25) 14%
Methignine (3-32) - 14%
Phenylalanine (0-33) 12%
Histidine (0-13) 8%
Tyrosine (0-173. 8%
Tryptophan (0-17) 8%
Lysine . (0-1D) 4%
Proline . (0-4) 2%

Arginine C ©-2) 1%
Table 3

Corresponding residues in glindin protein sequences (Accession no.)

pt responge Peptide sequence
G TG
13). QLQPFFPQPQLPYPQPQS 57-73 o-Giadin (T. aestivum) Q41545
100 {100) QLQPFPQEELPYPQPQS 5773 o-Giiadin (T. aestivam) Q41345
N 53 (H67) . QLQPFPQPQLEYSQPQP 7793 o/ -Gliadin precursor (Tricetum. asstivam) P02853
76-92 o-Gliadin (T. aestivam) Q41528
7793 w-Gliadin storage protein (T. acstivum) Q41531
. 5773 a-Gliadin mature peptide (T. eestivam) Q41533
7793 a-Gliadin precursor (T. spelta) Q9ZP09
-20} 83 (61-1E3) QLOPFPQPQLEYPQPQP” 7793 o/f-Gliadin A-If precursor {T. aestivam) PO472
-33) 83 (7497 QLQFFPQPQLEYPQPQL 7793 o/B-Gliadin A-TV precursor (T. asstivum) P04724
’ 7793 e/f-Gliadin MM precursor (. acstivum) P18573
I 109 (41-152) PQLPYPQPQLPYFQPQF 34100  o/p-Gliadin ATV precursor (T. asstivum) PO4724
PQLEYPQPQLEYFQPQL 84-100  o/B-Gliadin MM precursor (T, aestivir) P18573
B 30T QLQFFLOPQLPYSQPQP 77-93 c/B-Gliadin A precursor (T. aestivum) P04721
77-93 c-Gliadin (T. sestivom) Q41509
B 207 : QLGQPESQPQLPYSQPQR 7793 e-Gliadin storage protein (T. asstivum} Q41530
: PQPQPFPPQLEFYPQTQP 77-93 o/p-Gliadin A-IT precursor (T. asstivum) P04723
40) 24(11-43) PQPQFFFPQLPYPQPQS - 82-98 o/B-Gliadin A-Y precursor (T, asstivam) P04723
-30) 19(11-33) PQPQPFPPQLPYPQEEP 82-98 o/B-Gliadin clons PW121S precursor (T, aestivam) P04726
- 82-98 o/A-Gliadin {T. urartu) Q41692
30) 21 (11-33) PQPQPFLPQLEYPQPQS 7985 o/B-(Fladin clone PW2142 precursor (T. aestivum) P04726

79-95 a-CGiiadin (T, aestivam) Q41529
79-93 a/f-Gliadin precursor {T. aestivom) Q41546

Table 4



50 60 61 . 23 11 11 . 62 63 64 . 20 65 . 66 . 7 20 20
69 20 70 7116 72 . 11 73 . 14 74 75 . 76 . 14 77 sDeceH’ ?goql 19 80
81 82 . 83 P0472277-93 P0472277-93 E P0472277-93 E |1 P02863 77-93
P0286 777-93 E Giadin+C 171 40 25 16 10 18 14 . 17 90 Chynotrypsin 29 26
18 22 Gwa@elim#Repsi n 241 151 29 24 48 16 45 19 35 Pepsigeikeidacenber .2006
WD 03/ 104273 PCT/ GB03/ 02450
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able 5. T cell epitopes described in coeliac disease

nree Restriction. Frequency Sequence*®

unma -gliadin DQ2 /NS (iTCC) QQLPQPEQPQQSFPEQERPF
pha-gliadin ~ DQ2 12/17 (iTCL} QLQPFPQPELPY

pha-ghiadin  DQ2 11/17 (iTCL) PQPELPYPQPELPY
pha-gliadin ~ DQ2 1/23 (bTCC) LGQQQFFPPQQPYPQPQPF
pha-gliadin ~ DQS 3/NS (fTCC) QQYPSGEGSFQPSQENPQ
uienin D@8 1 (iTCC) GQQGYYPTSPQRSGQ
pha-gliadin ~ DQ2 112 invivo QLQPFPQPELPYPQPQS

y not stated in original publicatmn, iTcc mtestma! T cel! clone, iTCL intestinal polyclonal T cell line, bTCC peripheral blood
sell clone
i peptides are the products of transglutaminase modifying wild type gluten peptides except the fourth and sixth peptides

tble 6. Relative bioactivity of gliadin T cell epitopes in coelinc PBMC after gluten cha]lenge

juence*® . ELISpot response as % A-gliadin 57-73 QE65 (all 23meg/ml}
Wild type Wildtype+tTG E-substituted
M.PQPEQPQQSFPEQERFPF g(3) 18(7 10 (5}
QPFPQPELPY L6 19 (1) 8(3)
PELPYPQPELFY 13 (6} 33 (8) 43 (9
YYPSGEGSFQPSQENPQ 10(3) 5(3) 14 {8)
QPFPQPELPYPQPQS | 13(7 87(7) wo . .
LPYPQPELPYPQPQP - - 14(4) 30(17) 69 (20)

squence refers that of iransglutaminase (1TG) modlﬁed peptide and the T cell epitope. Wild type is ‘rhe unmodlﬁed gliadia
tide, Data from 4 subjects. Blank was 5 (1) %.



91 Table 17:
I ncrease in
chal l enge in
ratio of resp

t r eat menfg od/foldys ELI Spot t TG no t TG | FNg ELI Spot t TGpcha:Hok#6245¢0°00l!

sfc/mllion)
46*** 1.4 10

t TG deam dated gliadin peptide pools showp,
| FN gamma responses bet ween Day O

HA-. D@ coeliac subjects CO -
onses to 5 t TG deamni dat ed pool

(Medi an) Pool (Median sfc/milli

116**

I ant
0 and Day 6 Oe?ﬁﬁﬂ)b@

6 (Day 6 -Day O response, and
and sanme pool wthout tTG
(Medi an

on) (Median) 9 59%** 1.0 49

1.7 50 50** 4.6 11 24*** 2.5 51 40*** 1.7 12 133***

1.1 52 30*** 3.1 13 26** 2.1 53 27*¥11. 4 42 30** 1.2 76 17*** 1.1 43

32***
1.1 46 12**
**P<0. 02,
5 Decenber

1.3 79;[% le** 0. 9

83**

7 é’ﬂ‘%@ﬁs 24**%4%“&‘-}“39%
i Belll\

1.4 83 16** 1.8 Day 6 vs.

1.1 81 141***
Day O
ft ched- Pai rs Signed- Ranks test

* 1 45 10***

P@Q@m@ Coefijac

ha-

subj ects: | FN
to tTGtreate
PBMC) (italig:

41343 &9
dsliReRS Gt (EMIOhB336m
Glinigiep SAIBMBLL £1333(N6

3602 3f7a)@gh ut

A i FP. :
am m&&&&@ o f{a@mﬁf(&y !
QEEHT, SH3IBRYT-T) O

lgwpqmyp@p@zgx buffer only

en chadoberrgeryReOE/ Nil i on

( DQAL* 0501- 5, %%a*?dﬁm 8 i336€35@3b@b 2 -1 3LA- DQ/ , *0301, and
* )
DB 0201/ 2, *g;:, 3 gﬁﬁwm BLA DOB_( DGl dflforsld:0302) and
absent or O1=-5—ot 0 G-oup 1:
Group 2: )3 é él? % C@ % 9 C10 C11 C12
Cl3  HLA- g@ %;gj?jg a 99 9% Tor gliaips fta ©78 8, 8 Pool1 .
23 223 2 . ”W'l':eat {Tritichm aesh'{rfum'hlﬂessﬁtﬁted) gliattin decession number Polymorphism
Q41545 A-gliadin (from sequenced protein) 57-73 (A) QLQFFPQPQLEYPQPQS
SWISSPROT:
GDAD_WHEAT P02863 77-93 (F) QLQPFPQPQLPYSQPQE
‘GDAL_WHEAT P04721 77-93(G) QLQPFLQPQLPYSQPQP
GDAZ_WHEAT P04722 77-93 (B} QLQPFPQPQLPYPQPQR
- GDA3_WHEAT P04723 77-93 (O) .| POPQPEPPQLPYPQTQE
GDA4 WHEAT P04724 77-93 (C) QLGQPFPQPQLPYPQPQL
GDA4_WHEAT P04724 84-100 (K} POLPYPQPQLEFYPQPQP
GDAS_WHEAT P04725 82-98 () POPOPFPPQLEYPQPQS
GDA6 WHEAT P04726 82-98 (P) POPOPFPPOLPYPQPPP
GDA7_WHRAT P04727 79-95 (M) POPOPFLPOQLPYPQPQS
GDAD_WHEAT P18573 77-93 (C) QLQPFPQPQLPYPQPQL
GDAS_WHEAT P18573 84-100 (L) PQLPYPQPQLPYPQPQL
GDA9_WHEAT P18573 91-107 (K) PQLPYPQPQLPYPQPQR
TREMBL
Q41509 ALPHA-GLIADIN 77-93 (G) QLQPFLQPQLFYSQPQP
Q41528 ALPHA-GLIADIN 76-92 (F) QLQPFPQPQLPYSQPQP
Q41529 ALPHA-GLIADIN 79-95 (M} POPOPELPQLPYPQPQS
Q41530 ALPHA-GLIADIN 77-93 (H) QLOPFSQPQLPYSQPQP
Q41531 ALPHA-GLIADIN 7793 (F) QLOPFPQPQLPYSQPQP
Q41533 ALPHA-GLIADIN 57-73 (F) QLQPFPQPQLPYSQPQP
Q41546 ALPHA/BETA-GLIADIN 79-85 (M) POPOPRLPGLPYPQPQS
Q41632 ALPHA/BETA-TYPE GLIADIN. Triticum urartu 82-98 (P) PQPOPFPPQLPYPQPER
QZP09 ALPHA-GLIADIN Triticur spelta 77-93 {(F) QLOPFPQPQLPYSQPQP
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Table 8. Bioactivity of substituted variants of A-gliadin 57-73 QE65 (Subst) compared to unmedified A-gliadin 5773
QESS (G) (mean 100%, 95% C1 97-104) and blank (na peptide, bl) (mean 7.1%, 95% Cl: 5.7-8.5)

Subst™ % PvsG Subst. % PvsG Subst % PvsG  Subst % Pvsis Pwshl
" Super-agonists F62 1 0001 H62 47 <0001 N6&6 24 <0.0001
Y61 129 <0000 V63 T0 <0001 G569 47 <0.0001 Ré4 24 <0.0001
. 1
Y70 120 00006 S69 76 <0.6001 N63 47 <0.0001 K63 23 <0.0001
Aponists HG3 70 <0.000f He8 47 <0.0001 V65 23 <0.0001
w10 [19 0.017 F63 70 0.008 M68 46 <Q.0001 H66 23 <0001 -
' . K57 118 002 PN 69 <B3.0001 Do8 46 <0.000% HG7 n <0.0001
Y59 117 004 T62 69 <0.0001 V69 46 <0.0001 L4 22 <).0001
AS57 16 0.046 L6t 69 <0.0001 G63 45 <0,0001 S66 2 <0.0001
870 116 " 0.045 Ss61 69 <0001 Vo4 45 <0001 F67 ya| <0081
K58 114 008 Tél 62 .<0.0001 E61 45 <00001 Was 21 <0.6601
w359 110 D21 Te3 69 <0,0001 A69 43 <0.0001 Géd 21 <0.8001
A73 08 0.24¢ Mo6H 68 <0001 Rs2 42 <0.8001 G65 21 <q.0001
159 108 037 T69 67 <0.0001 G638 42 <00001 D64 - 21 <0.0001
G59 108 0.34 K60 66 <0001 Agd 42 <(.0001 165 21 <0.0001
A58 108 . 035 862 66 <0.0001 Cé65 42 <0.0001 MG54 20 <0.0001 - <0.0001
. Wa60 105 62 M6l 66 <0.0801 Na7 41 <0601 G67 19 <0.0001 <(.0001
AS9 104 0.61 P61 65 <0.0001 W63 41 <0.0001 ‘T65 19 <0.0003 0.003
K72 104 0.65 M6z 64 <0.0001 Fe9 41 <0.0001 Ad6 19 <0.0001 <0.0001
559 103 0.76 Q61 64 <0.0001 Né63 40 <G.0001 164 19 <000 0.0003
K73 102 08 G6l 64 <0.0001 Vb 40 <0.0001 Reo3 19 7 <0001 <0.0001
AT0 102 081 A63 464 <0,0001 He9 40 <0.0001 W67 19 <0001 <,0001
Y60 101 0.96 L62 60 <0.0001 M6 40 <0.0001 K68 13 <8.0001 <0.0001
AT2 100 094 168 60 <0.0001 R65 40 <0.0001 Ho4 18 <0.0601 <0.0001
' 863 98 0.67 S67 59 <0.0801 W69 40 <0.0001 W64 18 <0.0001 2.0001
K59 96 046 N6t 59 <0.0001 Q69 39 <(.0001 Q65 18 <0.0001 0.0002
160 96 0.5 169 59 <0.0001 L&7 38 <0.0001 Fé4 16 <0.0001 0.0008
G70 95 841 Vel 58 <0.0001 Ka9 38 <0.0001 L65 16 <0001 0022
Des 95 bd44 Dol 58 <0.0001 K52 38 <0001 N64 16 <0.000% <0.0001
E70 93 027 E60 57 <0.0001 E&7 37 <0.9001 Fs5 16 <0 8,12
163 92 0.19 A6l 57 <0.0001 L69 37 <8.0001 Q67 15 <0.0001 0.0012
560 92 023 Q62 56 <0.0001 S64 36 <@.0001 M65 14 <0.0001 8.015
P59 88 0.08 168 56 <0.0001 G62 36 <0.0001 D66 14 <0.0001 0.043
M63 87 003 N6 56 <0.0001 E4é% 36 <0.0001 R67 14 <0.0001 0.002
K71 85 0.047 A62 56 <0.0001- E68 36 <0.0001 Non-agonists
V62 84 0.04 A68 53 <0.0001 Vg7 a5 <0001 P63 13 <0001 0042
170 4 - 0.04 P66 53 <6.0001 D&2 | 35 <00001 EG6 12 <0001 0.053
16t 83 0.01  R6I 53 <0.6001 ReS 34 <0.0001 W65 1 <0.0001 0.24
Vs 82 0.0045 S68 53 <0.8001 Q&6 34 <0000 Qod 1 <0.8001 0.15
E59 81 .01 Y63 52 00061 A4T 33 <0,0001 G66 i1 <0.0001 6.07
Partial agonists NG9 51 <0000 Ne&2 32 <Q.0001 R6S 11 <(.0001 0.26
w6l 79 . 0002 E63 51 <0.3001 Fo66 31 <B.0001 Y47 i0 <0.0001 0.13
AGO 78 0.002 To6d s1 <0.0001 E62 31 <0001 E6&6 10 <0.0001 017
Y62 78 0.006 T67 51 <0.0001 D59 n <0.0001 K66 10 <(1.0001 0.21
Gal 71 0.003  YG9 50 <0000 D67 30 <0001 R66 10 <0.0001 0.23
ATl 77 0.003 D63 50 <0.000F M67 29 <0.0001 K67 14 <0.0001 0.11
W62 76 00009 AGS 49 <00001 Y66 28 <0.0001 P65 8 <0.0001 0.57
- Qa0 76 0.001  Kél 49 <0.0001 167 28 <00001 K64 8 <0.0001 0.82
L63 74 ‘00002 166 44 <0.0061 He65 26 30001 K65 ] <0.0001 0.63
162 74 00005 T68 48 <0.0001 P68 T 26 <0.0001 Y5 T <0.0001 0.9

K7 74 [LX:11} ST 4§  <0.0001 Yéd 25 <0.0001
H61 72 <0.00M L68 -48  <0.0001 EKS§5 25 <0.40601
Wa6s 7z <0.001 Q68 48  <0.8001  T66 25 <g.0001



93 41 . 21 42 39 42 44 21 11 63 12 . 43 50 91 13 75 1 1 44 32
97 17 96 13 87 107 45 . 21 10 100 11 38 110 46 14 55 %5@3%%“%%5§% 47 14
58 38 223 97 31 48 21 106 60 14 144 353 57 .49 75 170 17 142 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 16vA@Eaoe8® 53 36 94 92 29 69 53 54 36 35 .11 PowcHixdks0l3 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 . 15 18 65 36 25 23 35 27 11 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

5  Table9. Antagonism of A-gliadin 57-73 QE6S interferon gamma ELISPOT
response by substituted variants of A-gliadin 57-73 QE6S (Subst) (P is
significance level in unpaired i-test). Agonist activity (% agonist) of peptides
compared to A-gliadin 57-73 QE6S is alse shown.

Subst % Inhibit. P % agonist.  Subst % Inhibit P % agonist.

Antagonists : 635R 13 0.18 11
65T 28 0.004 19 65M 13 0.16 14
67M 27 00052 29 63P 13 0.16 26
64w 26 0.007 18 6IR 13 019 19
67TW 25 0.0088 19 665G 12 0.19 .3
Potential antagonists . 65Q 12 0.2 18
671 24 0.013 10 65Y 12 .22 7
67y 24 0.013 21 665 12 022 22
64G 21 0.03 21 : 67F 11 0.25 21
64D 21 0.029 16 66R 10 0.29 10
65L 20 0.046 26 61K 10 0.29 10
66N 20 0.037 24 64F 10 0.29 16
65H 20 0.638 16 65F 9 0.41 16
64N 19 0.05 16 63p 8 © D42 13
64Y 19 0.06 25 6SEK 8 039 25
66Y 19 0.048 28 64Q 7 0.49 1
648 19 0.049 12 64l 5 0.6 21
67A 18 0.058 30 T 8K 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 2] a6H 4 0.56 23
66T 17 0.069 25 66K 3. 0.76 10
65W 15 0.1 11 66D 1 0.9 14
67R 15 0.13 14 3K 1 0.88 23
65P 15 0.13 8 64H 1 0.93 18
65K 15 6.11 8 66K 0 0.98 10
6eW 15 0.12 21 64K -2 0.38 8
67G 4. 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
Peplide % Inhibit. P
TP 31 <f.0001
HLAla 0 0.95



77 . 88 10 13 78 . 18 17 69 79 11 85 44 29 12 44 43 80 (] é&f@@ %% %40 39 12
208 467 12 . 70 81 171 318 113 367 104 12 211 530 74 0 9 125 32
16 241 723 83 14 164 31 21 163 277 15 P04722 77-93 211 291 75 281 66 78.
740 P0472277-93 E 164 297 108 221 64 10 84 653 P0472277-93 E 161 182 98
256 73 o &x0p99 P02863 77-93 139 164 35 94 36 29 6Q3T/dR0R&as’ 793 E 46 176
19 88 41 23 520 diadi n+C 214 273 265 360 384 206 278 543 17 25 527 71
Chynotrypsin 18 diadi n+Pepsin 239 315 269 406 207 292 357 557 42 89 335 87
PepS| n 14 5 Decenber 2006 WD 03/104%73 PCT/ GB03/ 02450 94 Table 19.

Deam dat ed peptides wth nmean bioactivity > 10% of P04722 E85 (20 g/m) in
HLA- DQ2 coel +,aC11 Sihjaist 08 a-GairsD3 Ig8e KuteMioon D6 HRSGMeannaRamk No. Sequence
Mean (SUM mcu(rmmnr@&smmmmwmﬁmW"'QWWB‘)M‘N 413
SKQPQQPFPQP B‘%y’“‘"’" 91 PQPFPPQ PYPQRQLPYPQP 89(12) 38 380

el MR QPFPOPQL AYPOPQMK 86 14) 39 618

PQQSFSYQ}PFW JoPELQ "?‘%QE PYPQPQLPYPQPQPF| W 87(16) ' 40 78
'LQLQPFPAPQLP QPPPQDQ_PYPQDQD R 85(15) 41 390
QQTYPQRPQQPFFEST ng PEPEERYE QUPQRPFPQPQQPWIV 72( 23) 42 348

QQTFPQPQQTPPFP@@@IPE%(MW_PPFL@??I@DFPQPQQDF!P\AQPQ@PFQ 66(30) 43 409
QPQQPFPQL QOPQRRE-PPRELS ( @)QPFrerm SBOFPQPQQPFI QPQ( PFPQR® 61(12) g4 382
Q@FPQ@Q@FIM@@@@EM(éﬂQpF&PﬁSﬁqP@QPQQDFI QPEQPPVQPQs51(10) , 45 629

I R e ST e e
QQOPFPQTQOP EE 3 OQPFI QPOQPQI PFPOQ 34(11) 48 350

QQTP@QQTFPHWF?EQE?} 8 PORERPRERY PR OPFPQPQ PYLQPQPPH®33('10) 49 65
PFPSQQPYPQPQPWOPQPF 15(5) - 14 66 LQ QPFPQPQLPYSQPQAR 32(7) 50 349
QQ PQPQATVWHQPQQQFP 15(9) _



15 . 96 PQPFPPQLPYPQPQSFPPQQ 28(6) 51 680 PV\QQQDLYPQQSESSﬁ 125%1
393 Q PFPQQFQQPFFQPQOPQQ 27(8) ' 52 81 PQPQPFWXBPYPQTQP % 355
QAFPQPQQTFPHQPQQQFPQ 27(15) 53 75 MALQPFPQPQOWPPQLPYPQ 14(5) ' 18 67
LQLQPFPQPQLPYSQPQQFR 26(6) 54 368 QQFPQPQOPQOPF1QQPO00 14M 19 335 QQQQPF8
QAPQRPFRFS18REL) ' 55 82 PQPQPFPQPQPPPPQLPYPQ 14(3) pd®cBd3/02450
PQPFI PQLPYFQPQSFPPQQ 24(6) 56 80 LQLQPFPQPQFFWQ PYPQ 14(4) 21 396
TQOPQOPWOOPQQPFMD 23(9) 57 624 F( QPQQRTHQPQQPFPQQP 14(6) 22 609
SCl SGLERPWQQQPLPPQQS 23(18) 58 407 FPQSQQPQOPFFQPQ 14(5) 23 385
QQPFPQPQP BRI R %3 iolnoRghesod A- k5 HRRCERE mti-gu’la&(] ) 24 375
PQQPFPQPQOPQQPFI QPQQ 23(10) 60 634 PQQLQQPFPL V\QQP 3( 3) 25 406
QPQQPPPQ-QQPQPQ 22(89““@'1'“'388 Q@WQQDQQDFTQF QQP 26 625

¥ N2 B HPOORE 27 378
PQPQD 22(10) 61 399 QQP ) 2B 371
PQQQFQPQQP Y 22( 161 6R3E7 PP POPQOPP 8 ﬁ) 29 642
PQOPQOPFI FQPEQRRRG@EP 20( 8058661828 - PPW@FQQPFPQTQ@SFPLQ 12t4) 30 635
PLOPQRPVWQQPQRRERGRY 19( 5}166.88 PQPERRRI PYSOROPERI QQ 12¢3), 91 93
PQPFPPQ PYPQPQPFRPQQ 19(5 408 QPOOPFPCSKOPQPFI QPQ 12(8) 32 377
PQQOFPOPQOPQREROPQ 19(@%3*”-’”“36-‘83 W7 LOPEPCPOPEWRPYPQ 11{%) 33 411
LQQOPQQPF. PQPEOSWERG) 19( 2195695870 PQQEIFL.QRQOREREOPQOPY 1d(H) 34 415
SQRPQRPWOP QUL XD GierkS ( 5}163;576933)7 9 LQL d:EQPQPFELdD PYPQ 141‘,((33 35 94

PQPFPPQ_PYPQPV\FSP 18(3) 71 379 QP FPQP 11( 36, 329
PSGQVONPQQQPET ""18( 489?’2”%4@7 P QQPWQ 81(3)® * Indicates
hol nol ogue oﬂVheAngidm adi n B773-1wi t h t-leeceoior.e.cevipuence PQLRSY/ F) 5 5 Decenber

2006 WD 03/ mﬁﬁﬁg,ﬁm/ (ﬁg;@/(]ggg;,so 95 QCC'E@LbI €.8%ye Pepti de§7 5+0% as bi oactive
as P04722 QE65 group structure. Rank Peptide no. lcluence | FNg ELI Spot

~ (Pool ) - respBHisBYEy “‘l adf"‘ﬁ%ﬂ%ﬁﬁbe cofpafed ™ Po4722 771¥8  QE85: nean
(SEM G oupadier BHembl ogumsmoisss | i adiepcediz- 730R8472277- 988Gh. PFP PQLPYPQP P

8912 agRelpmoein’ - - - Q026076:192) + - - - QECQOL... ASEQFRIE - « - - - - - L5, 94(18)

*Bioactivity is expressed as 100x(spot forming cells with peptide 25meg/ml plus tTG 8meg/ml minus

blank)/(spot forming cells with A-gliadin 57-73 25meg/mi plus (TG 8mog/m] minus blank) {(mean (SEM), n=5).

Peptides were preincubated with tTG for 2h 37°C. Note, Q is deamidated in A-gliadin 57-73 by {TG.
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.......... G728 - _[3ra 501 (s C Rt (4)—$5-388(50) PYP P
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........... T EX O X T N TR —Q27{18) 42 [348(45) QT
............ YRS RN LR T SVA T Y T R 0) | 48 350(45) |
........... cl0 2,8 |2L3013 {202,302 JEL A [1yr. . I5(8) 50 49(45) |
........... — — R — lﬁﬁﬁ)__&( ou 4: Honol o
nes of Pe ti dcelé s %8 102/6, 301-3 602/15,302/8 TEL b mo - :

C12 | 87 301-3, 505 302,301/9-10 SVA 2yr -

Ci13 | 5,8 301 302 SVA Ty @)

SVA subtotal villous atrophy, PVA partial villous atrophy, [EL increased intra-cpithelial atrophy, GFD gluten-

free diet, ND not done.
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4) PFP PQQP LPFPQ 12 343(
------------ ELISpot responses-te control peptides (20- pg/mb and Ladﬁswbj%lml%ﬁffﬁ% 3(51)
QLPEPQEP . .. ... . o A (20 pg/mb and 35(43)
------------ and after gluten challenge (sfc/million PBMC minus res on’s)éo i’iBS al%g 385(50) 1,
............................................... ﬁj 2 375(48) P
.................... Peptide. . . . . .|. Healthy Day 60 . Beakthy Day 6 - | -Codli nc?a?ﬂ\ TOCodRepa 52) P
........... I p 22 8 32 377(49),
........... qnﬂ%ﬁﬁ”344f&%@ S|E®Y . [2Z@ey [meaws )
& 18(5) 3 “41&65@)93 SGPT0GwRa - - {96503 BeaoiD) - | WG 2963:9_ 19(4) 38
380(49) v PLQP R PR R I R 18( ) 43
409(53) P ... P0472277-93 QEES 0 [0@Bhay . 4861 F53116(°2$7)* 47 389(50)
............ P02863'7'7-93' (4 13) Q 2(3105) - ¢ c ] r: 165 /r *.Q-I-UI\ H2 _ P
................. S R R R M S 39@(51) y
........... PRBGITRPIHIG G -1(5d) 14l 11H4p 5)13( 95 6-89+409(52) P
----------- Po2563 P95 QS [ 0 (40 13) VEETE: PR o R IAATE %%?—FL S
................................ 31(5) bl o7 A
e | ClininchyRorypsin | 2(5 102000 . 1.8.(0. wissyy, .. | DUIB) Gwﬁopa 167 Pepti de 625
PIP PFP P Gliadin chymotrypsin +tTG | 0 (-1 to 28) 16 (-9 to 171)* 55(2%10248) | 269 (206 to 384)*¥ -
Chymotrypsia @05 1@ 1) (5103 1405
Chymolrypsin + {1G 0(-318) 6 (0 to 29) 2(3t01l) | 2{(3to 18)*
Gliadin pepsin 4 (-4to0 28) 29 (ﬁ to 189)F#* 44 (10 to 221) _176 (54 to 265)**
Gliadin pepsin + (1G 2 (310 80) 27(dt024)*** | Gl (3o 172) | 280 (207 to 406)*
Pepsin 0 (-4 to 10) 03012 To@e Y 2(2108)
Pepsin + 110 ORI TC603) YTy
FES alone 40 w6) Z(010 6) 4(1t0i2) 4 (0t0d)
PBS +tTG 3(0toB) 3(0to1l) 4{21t010) 42t 11)

5 Day 6 vs. Day 0: *P<0.05 **P,0.02, ***P<(.01 by oﬁe-iziled Wilcoxon Matched-Pairs Signed-Ranks test
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Q18(7) 55

Tabl e 2Wwo&moaosivity of i

Subj ect Cl2:

LOPQNP3000POEQVPLMXQ 26 85 18 5 MVRYTVPQ

December
ndi vi dual

T SFPL 12(4)

t TG deam dat ed Poghrgsbsdafpepti des in
No. Sequence % No. Sequence 8 AVRWPVPQLOPONPSOOOPO 100 23

EQVPLVQQ 82 18 6 AVRVSVPQ . . ... . e 15
........................... H..... EQVPLVQQ 77 18 3 MWRVPVPQ
........................... H..... 17
+ e+« -« Table 15.- Effect of deamidation by ﬂ&@/@h\!fmﬂ @anlﬁ) alld A\g’BﬁDﬂ/E’Q
EQ\/PLV@ 59 83 h«?thﬂQ% Y. \{P MP@NV EL-IS -o-t res OHSES-H-l HLA~D -%coehac-(-lﬂ-l ------------------
.............................. pp PLV@% 9(AV-F\?\)/PVPQ...... L
------------ healthy control subjects (B81-10)- (med:an ralfo t¥G:ne tTG pretreatment, - - - - - - EQVPLVQQ
49 3 7 AVRVPVPQ . . .. 18
...... L...5..range}..................EQ\/PLVQE 333 10 MWRVPVPQ ..... L
........................... 19 ... . L. .. ... . EQVPLVCE 4
MWRVPMPQ. . . . . [ ... Reptidd) . . .| . HealthyDay 6 . | . CoelincDay0 1[S Z&ockiac Day6
P P GQARLVY 0 12 AVRVPVPQ K
............... Ofiadin chymotrypsin | 084 G45Qp ~ [ 210368 [320842% p . RQUPLVQQ
0 11 AVRVPV (X Gliadia pepsin - - - [- LA (0:5-1.4) - - - | LA0E40)*- - - 19(1\;1449,\@(8 sequence of epi tope
is underlined._Predicted deani dated $Sequence ils PE 5 Decenber
2006 WO 03/ 1j043%82 BEIPEBQY3/ 02450 98] Tabl e 2165%”1* eneti ¢ groupi ngs of
wheat Tri tI CUM RSt hEEs T Tjadr s —Ar—ar betatigaging (=61 1

P02863 77-93 Q85 7.5 (3.9-19.9)%+

P02863 77-93 B83 1.0 (0.8-1.2)

TTG>no tTG: *P<0.05 **P,0.02, ¥**P<0.01 by one-tailed Wilcoxon Matched-Pairs Signed-Ranks test



Al al AAA96525, EEWTA, P02863 A513 B22364, P04271 Ala2 CAB %@ggeéﬁgei]fo 6
AAB23109, CAA35238, P18573, 510015 Al ai AAA96276 A2a2 CA 2

CAA26384, S07923 A2bl P04724, T06500, AAA348282 Al aS AAA34280 A2b2 D22364
Al aG P04728 A2b3 P04722, T06498, AAA34276 Al b]. CAB76962 A2b4 C22364 Al b2

CAL137696Gi0 65027£A876956 ' .. Al b3 BAA12318 A3al AAA34RTGBISHSO383, P04726,
507361 Alb4 CAB76960 A3a2 1307187B, A27319, 513333 Al b5 CA876958 A3bl
AAA96522 Al 1, 6 CAB76959 A3b2i AAA34279 P04727, Al b7 CAB76955 A3Db2i i
CAA26385, 807924 Alb8 AAA96524 A3b3 A22364, AAA34278, AAB23108, C61218,
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067 & o anldat e b BB BT 00000700 Tt asan
ke 76, AR B Rl MR 8 25 G 7 AdBadoon Giaa
Sh 1201 6 | Preafas 00 GRACEL R0 SRR b B Bafei5 000 o
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WO 03/104273 PCT/ GB03/ 02450 99 Table 23. Synthetic pe
12ners Protein Position-

known wheat

S quence No.

gliadin
POOLI

VPQL QQPL SQQP QQTF
FPQP HQRFo 613QR70TF
HQPF SQQP QQ F 333
PQQP FSQQ PQQ - 334
PQP QQPF PQPQ 335

POOL43 Al Al

332 Al BI

Sequence

%bgﬁé‘a?eg?ﬁ%

20 AVRFPVPQ LQPQ NPSQ QLPQ |
331 Al A2 20 MRV PVPQ LQPQ NPSQ QQPQ 2 GSA 33 QQQP

ng al l
os [ion*
Gl2A 33 QQQL

20 MWRVPVPQ LQPQ NPSQ Qdfgnds/balhd3 QQQP FLQP

Al B2 20 WRV PVPQ LQPQ DPSQ QQPQ 4 GI15A 33 QQQQ PFPQ
Al B7 20 NVRVTVPQ%}QPQ NPSQ QQPQ 5 G15B 33 QQQQ PFPQ

LQPQ NPSQ QQPQ 6 G SC 33 QQOP FRQP

AIRS 20 AVRV SVP

QQPF YQQP QHTF 3363 AT B8 ZDAVRVPYP(L PSOD0PO 71 [G 6A
-33000PFPQP(QY XRORTI [33%] - AR 110 20- AVRW. VDQ-LP Q NDNn QRPN 8 GL6C 42
QP FPQP QQPFCECR-GRYH 338 POGE2—Peck44—-A233—2DAYRYPYPQ LQLQ NPSQ
QQPQ 9 G I 4 SOQP—QUTETPORO OrFP 1339 A285 PO WRV PVPR LQLQ NPSQ
QPQ 10 G IA 47 U&PL S QOTE. PQRO OTER . 340 A3AL .20 | AVRZ PVPQ PQPQ NPSQ
PQPQ 11 014 42 HQPEL-SQOR _QO.FiPORQ OFEP 13411-A331 20_AVRV-PVPD LQPK NPSQ
A _AD —{'(YSO“) : ;rM4 ~ [ mid nr‘(rl‘ P o ol el m, e W, M 22 1A 14.— NSV oY
WQ 12 df Bl NS TP TR o5 AATH 2 L_\J’\JI SQ Q_PQ EQ\/P
LVQQ 13 G5B 42 QP QPERIIOPQY PQLP FPQUY. 323 ALAZ[ 28| LOPO NPBQ QQPQ EQVP
LVQQ 14 d $C 42 QaPE._YQORS (HTK. PQRPQ QICRE.344. AL Bl [ -28 |1 (QPQ NPSQ QHPQ EQVP
LVQQ - 15 GLEA-42 3IPF [COCP— QR POPH-OIIFH-34E - -Al-32-28 -£6PO-DPSQ QQPQ EQVP
LVQQ 16 GlGB—42—6EPFegeP 00T PaPH-OFFH 345 ROOCEPOOLA5 ARSI 28LQPQ
NPSQ QQPQ KOVP LV 17 [GEBC 44. OUPF T _POPH QTFH 347 _A283 28
LQLQ NPSQ QPO EQWP| LVAE 148 GII-A |50 OOTH -PQRQ GTER-HOPQLOOEP 848 A285 28
LQLQ NPSQ ©QPO qugb LVOE-15—GH--S6—0R-FPOPR-GHFP-HOPQ BOFP—319  A3AI 28
POPONPSQPQRPG—COVP (VOO T2G5 B SA 50 QT ROPY QRRP ZHGPQ| QRFP 35D A3A2 28
PQPQ NPSQ POPO ROMP LV 2 _C16A 50 [[-PQOPH QTEH HQPQ OTEP B51 A3BI 28
LQPK NPSQ ( LV 2B Glsa ls8 BrER:- HIPO GARRH-OPQQFFFPH-352  A4A 28
LQPQ NPSQ BQRQ-EQNP--MIO 2B —GHeA-58—OTFHHEPQ-OTFPCOPQO-TYPHB53  ALA 1 36
QLPQ EQVP VOO O0RE COD 2 GI6C B8 WIFH. FHOPQ QOIFPLOPEQ TYPH 854 POOL, (
POOL46 . Al BT_360HRO EQVPIVIN QOFLL.G0 A5 G.SA 166 RAEP CPQQ TEPH QPQQ QFPQ
355 A1B2 36 QURPQSERVR LV QbFL B0b 26-G-5C%66—QHFF PRPQ-GFLP HOPQ QQFP
356 Al B 12-36—QFH-ENP VOO OO ORR0 127 BI6A 66 OTFPIOPOQTYPH QPQQ A2Al
36 QQPQ EQYPTVQURIFP 0 78 GIEC 66 QIFPOPEQ_TIYPH| QPQD QEPQ 358 A2B1 36
QOPQ KOQVP VO OXOFP|(XXb0198 Gilt A 73 QIER - HOPQ_QOER-OPQO POOO 859  A283 36
QQUPQ EQVP [[VQE-QHE- G0 185 Gl A-73—GFFA--HPQ-GVP EPEQr PEEP—360
75 ] . . . . .
76 1. 14
771
78 | . 11 .|
1. 11 19 ).
80 | .
81].
82|. -
83|,
P0472277-93
| P04722 7193 E
P04722 7793 E .
P02863 77-93 11
PO2863 7793 E . . . . . . . . . .
Gliadin+C 171 40 23 16 10 18 141. 17 90
{ Chymotrypsin 29 26 18 1. , . . . 220,
Gliadin+Pepsin 241} 151 29 24 48 1. 16 45 | . 19 33
Tepsin )




A3A2 36 PQPQ RQVP LVQQ QQFP GQQQ 32

SRR 56

G 5C 73 QICP HQPQ

POOL5 POOL47 A4A 36 QQPQ EQVP LMQQ QQQF PGQQ 33 GL6A 73 QTYP HQPQ QOFP QTQQ
PQP 363 AIM 44 LVQQ QQFL GQQQ PFPP QQPY 34 G 1A 81 QQPP QPQQ PQQQ FLQP
QQPF 364y0 (¥igh2744L VOO0 QFL GRQQSFPPQQPY 35 G 2A 81 QQVRiHps ARk APQQPF 365
Al1312 44 LVQO QQFL GQQQ PFPP QQPY 36 013A 81 QQFS QPQQ PQQQOFI QPQQPF 366
A2A | 44 LVQQ QQFP GQQQ PFPP QQPY 37,014 81 QQFP QPQQ PQQQ FLQP RQPF 367
A2B3 44 LVQE QQOFQ GQQQ PFPP QQPY 38 O SA 81 QOFP QPQQ PQOP FPQQ PQQQ 368

A3Al 44 LVQQ QQFP GQQQ QFPP QQPY 39

G GA 81 QQFP QTQQ PQQP FPQP QQTF 369

AA 44 LMXQ QQQF PGQQ EQFP PQQP 40 Gl I A 89 PQQQ FLQP QQPF PQP QQPY 370

L6 L (DA R
T, 3, e AR
0 Y IR R

378 ALAl 6 i A
379 AIA3 61 QQPY PQPQ FPSQ LPYL
380 Al 81 61 XapPY (PipatEipg QQPW‘"%
381 A22 | 61-E€RPYPQRRPEPS QOPY IV
382 A4A 61 QQPY PHQQ PEPS QQPY PQP(
AlA 1 69 PEPSIQLPY LUWD PFPQ PQP-
Al Bl 69 PFPS QPY LQLLLWPFPQ PQLP 55
PQLP 56 G 5A 126 QQPF PQPQ QPQL PFPQ
QAQLPFPQ QPQQ 386 . Al'EFT" 69PFPSQQPYL
QLPFPQQP QQPF 387 Algi2 69 PEPS QXH
QQPF PQTQ QPQQ 388 A2AlI 69 PEPS X
QPQQ PFPQ QPQQ4B89 A | 69 PEPS
PQRP QQPF PQTQ,QPQQ 390 A282 69 PE
QPQLPFPQ QPQQ OPQQ PFZF;Q 391 5 Dece15
) 44 *kk .

1% -1

45
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1 7HE 1.4
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ERER LR 375 A3Al 53
PQP QLPF 376 A4A 53
PP QPY PHQQ PFPS 48 GL5A
Q QPFP QQPQ QQFP QPQQ
QQ PQP FPGP
PQP QQPQ LPFP

Q49 Grigeilidps: QPRGLIEE QP
P 50 G 5A 121 QPQQ P F
Jog1 Bfediqn ety Q@#‘e% QPY PQQP QQPF

A Feddne

7 G SA 105

) 53 GL3A 126 QUPFPQQP YPQRP QQPF 383
4 &4 126"HOPF PQOP PQQP QQPF 384
POGLSO AgB 10 69 PEPSQPY LQLQ PFSQ
) QPQQ 385 POOL8 0150 126 QQPFPQPQ
QLEPFLOPAH'E 57 GL6A 126> 'QQTFPQQP

Y 15§1LQ PRy® PQPF 58 G I 134 QQPY PQQP

Y LQLQ PFPQ PQLP 59 GI2A 134 QQPF PQTQ
%Y"M}Q Ijﬁg’Q PQLP - 60 ©13A 134 QQrY

S GPY Mi@ PFPQ PQPF 6do GLSA 134

er 2006
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8 T4r¥** 11

82 22krk L5

83 16%# . 1.8

Day 6 vs. Day 0 **P<0.02, ***P<0.01 by one-tailed Wilcoxon Matched-Pairs Signed-Ranks test

C Qb2 Glagwt26 QPF PQEE QQPF PQTQ QPQQ



100 A2B4 69 PFPS QQPY LQLQ PFPQ PQPF 62 G15C 134 @Qiﬁg&g}%ﬁPQ PQQP
392 A2B5 69 PFPS QQPY LQLQ PFPR PQLP 63 POOL 51 A4A 6 QPQ PFPP

QLPY 64 GI6A 134 QLPF PQQP QQPF PQPQ QPQQ 393 POOL 9 GI2A 142 QPQQ PFPQ
QPQQ PFPQ TQQP 394 A4B 69 PFPS QQPY PQPQ PFPQ PQPF 65 GL2A 150 QPQQ PFPQ

TQP Qo Bda7395 AlAl 77 LQLQ PFPQ PQLP YSQP QPFR pb&/cghghaz08 TQRRP QQPF
PQOP QQPF PQTQ 396 Al A4 77 LQLQ PFPQ PQLP YSQP QQFR 67 GL2A 166 PQQP QUPF
PQTQ QPQQ PPPQ 397 AIBI 77 LQLQ PFPQ PQLP YLQP QPFR 68 G I A 170 QQPF PQTQ
QPQQ LFPQ SQQP 398 AIB4 77 LQLQ PFPPQLS YSQP QPFR 69 G ZA 170 QQPF PQIQ
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QQPQ QQYP SGQG FFQP 244 G Il I A 256HHFH SNNN QFYR NNNS PGHN 573; | POOL32
Gl IAB3FY PGL4N NPkg NNNS 574 A2B5 293 QVSF Q QQYP SGQG FFQP
245 GII{ 1A 4 INRIPENNNNS “PNNN SPSN 575 AsAt--263-BRYFPEI00PQ QQYP SGOG
FFQP 246] G 11 1A 49NNNS PNNN SPSN BHNNSPNN 576 .A381 293 QVSF @QPQ QQYP
SSQV SFQP gé‘ég%\l, g | A 57 SPSN HHNN SPNN NFQY 11THP 577 AM 293 QVSF QQPQ
QQYP SSQG S it TELILTT A 65 SPNNNFQYHBPSNIAKNE PH-57EVEN2Q 293 IQVSY QQPQ
EQYP SGQV SFQS 249 G Il | A 73 HTHP4SNHK NLPH TNNI 'QQQQ 579 ALAI; 301 QQYP

LG SFFPHSRSQ%‘@SS 50 G H 1A 81 NLPH_.TNNI _QQQQ PPFS 580 |A1B2 30!
QQYPLGQGS Q251 POL75 A2A1 381 ~00¥PSaoe-SFEPPREAN PQAQ 252 G LL

I'A 89 QJQQ PPFS QQQQ PPFS QQQQ 5814 ,
7 AVRVPVEG....oromoovmsoserroreeeesesrons 13 ... AR EQVPLVQE
3 3
10 MVRVPVPQu.ooelvreecerre v, 19 LEQVPLVQE
4 MVRVPMEQ......... [ N o~ 15 20 | P........GQVPLVQQ 0
12 AVRVEVPQ.....c0..Koorerorrsros, 082 | S P.....,...RQVI;LVQQ 0
11 AVRVBVPQP........coomomnenn. P, 0

Core sequence of epitope is underlined. Predicted deamidated sequence js: LQPENPSQEQPE




POOL 33 G Il 1A 97 QQQQ PPFS QQQQ PVLP QQSP .582 5 Dec%@g%geﬁé%%g éé\o
03/ 104273 PCT/ GB03/ 02450 103 A2B3 301 QQYP SGQG FFQP 8% G 1A

105 QQQQ PVLP QQSP FSQQ QQLV 583 A285 301 QQYP SGQG FFQP FQON PQAQ 254
Gl A 113 Q@SSP FSQQ QQLV LPPQ QQQQ 584 A3A 1301 QQYP SGQG FFQP SQON PQAQ
255 Gl | hyo fyihdls QALY LPPQ QQQQ QLVQ QQI P 585  A381 3QLrfa@¥FnssQ/ SFQP SQLN
PQAQ 256 A Il 1A 129 QQQQ QAVQ QQ P 1VQP SVLQ 586 A3B2 301 QQYP SSQG SFQP
SQAN PQAQ 257 G II 1A 137 QQ P IVQ SVLQ QLNP CKVF 587 A4A 301 EQYP SGQV
SFQS SQON PQAQ 258 A Il T A 145 SVLQ QLNP Cl CVF LQQQ CSPV 588 A1BI
309SFRPSQONPLAQGSVQPQQL 259 P 76 Al Al 309 SFRP SQON PQAQ GSVQ PQQL 260
0111 1 A 153 CKVF LQQQ CSPV AMPQ RLAR - 589 POOL34 G Il 1A 161 CSPVAMPQ
RLAR sqwe@@sshgsgn&h@soms RSP RIIQHGEYQiRRL 261 Gl 1A 169 RLAR

GBS T s ST . AIrBZ3J9SFRI bw\lbuu\@vq-'w_ 262—G+h 1A 177
QQSS CHiuM ( CREEFWIRIPREE9? Al B3 3I(RUBFR ZFPCDQ GSVO PO 263 AlIl ITA
185 qugﬁ'ﬂ?ﬁ%{i‘ :mD YEAL_ 593 Al%’{g f L 264

S RESR YEA RAD™Y A 1o PQQL 265

01111 Ai120 DKEA@'SOPNFYSH [OEQ QOG- 598 |AZ8@ 309 I—I—Q—’ SQOUNPQAQGSFQ PQQL

266 01216 AP YSI - LQEQ QQGE VQPQ @ZLP '%"%22 THPRABAZAN6 FEOP FQON PQAQ

GSFQPQA 26 P Bl —77—ASAL—369—FFeP-gON -+ “ggé"Q PQ—268-GHHLA 217 QQGF
VOPQ Q@ UeRK3dovVS 597 Poor 3S G It I BRI -98 A3BI

309 SF ﬁgg@ VO PO - 269 _G , 0] CSFQ 599
A3111 28 _S$E N_PQAQ GSVQ PQQL 27%lg IHAA%ML_QSQQJMEQ QPR A X
ainh \,cA*ﬁma e o b2is - AAAMITS, POATRT, '
600  ASEE3ERIEP- b T ie oy 249—ESFQ-PROL A0 PQQ
QQQ 6GTs AMEASERE SFUS SUON POAQ GS\ @@@mﬂzmm,m@Q QAR
QVLQ GERP (0241028 A1 317 PQAQ GSVQ P : 3 QVLQ
GTFL DA 317 POrQ oY p A 271
GTPL QP A AT R AL —604—A-AG 34 7 POALEST AIBI 317

PLAQ @EEM_@ERN 276 GIT ta 279 IG&iﬂIa-giﬂrLﬁibl ALRTCPTVMCS 6051 POOL 36
0111 | A'287 POR)7TA FACURIYP | YSAGBO6 | AAKBBRAMIPEDO GSVQ PQQL PQFE EI RN

277 G k |7. e CHO6Y “ 1080 3 1'10787" H‘%ﬁ"l C)%KK&% '7;%; B4+ —PRAQ-GSVQ Qg‘ PQFE
El RN 278 quw3b4éo 303 LYSA TTSV PEGVGTGV d Y 8 A2B3 317 PQAQ GSFQ PQQL
PQFE FIGPZN y ¢m1@7111’% 26 Q(‘I S GLERP <P mm 609 A285 317 PQAR GSFQ

PO PEHE HOISE €219 BMSETRENTMIRBI 317 PQAQ
GSVQ PELE—PRbAh AR T T e
PQAQ GBEE) PRE) EABAED WRKESS e I-ba{klasxw P STFSQQ 12

Gl3a. AAK84778 : - Glla___ | AAA34287, F04730, S07398

GI3b | CAB75404 GIb | 1209306A

GI3c | BAALID51 Glla | P04729

Gl4 | EEWTG, P06639, AAA34274 GIIb | AAA34286

Omega-gliadins (n=3)
QOla AAGLT7702

Olb i P02865

Olc AS59156




Pool 37 Pool 79 Al Al 325 PQQL PQFE EI RN LALQ TLPA 283 GU [2&“5%?0 gabg
FSQQ QPPF SQQQ 613 Al A6 325 PQQL PQFE I RNL ALQT LPAM qg % FS@
QPPF SQQQ PUS QQPP 614 Al BI 2325 PQQL PQFEBI RN LARK 285 Gl11 1B 74 SQQQ PUS
QPP FSQQQPV 615 A2AI 325PQQALPQFEERNLALETLPA 286 O A 17 ATAA RELN PSNK
ELQSPQQW® 1510425235 325 PQQL PQFE Al RN LALQ TLPA 287 GckaspdhoRSNK ELQS PQQS
FSYQ QQPF 617 A301 325 PQQL PQFA EIRN LALQ TLPA 288 O I A 33 PQQXS FSYQ QQPF
PQRP YPQQ 618 A4A 325 PQQL PQFQ El RMoLALQ TLPA 289 O I A 41 QQPF PQQP YPQQ
PYPS QQPY 619 A W 333 EIRN LALQ TLPA MCNV YI PP 290 O | A 49 YPQQ PYPS QQPY
PSQQ PFPT 671‘2[])1#) S}p;then DL s y ;’. RIEMY YI PP 291 Ol A

57QPY PSQUPRIT P
PFPTPQQQ FPEQAS @@ﬂzmasAl 3338 ol Qﬁlsﬁ’d?q&a‘ENV YePP 293 O 1 A 73
FPEQ SQQP erge2 %ﬁw HERTN M 34@6% PYERPOOYCT| APEG 294 01 A 81

f %%ﬁ%ﬁq‘&m ABEG 295 O | A 89

FTQP QQPT P 214(2 A3 344
Pl QP QQPF Pc% %ﬁ’ Qﬁg%%?@ | B 133,%% i YCTI 3¥PFG 296 O | A
@%@mg %?%@%W 1 PP $EAM APFG 297 O

97 PQQP QQPQ: 26 A l7

| A 105 @FF’Q&%EQV @@QJ@WQ 627 SUSTHBOTIE QUPEGR OMONV Y| BP YCTI TPFG 298
OlA 113 PFPW JFiPLQ 62:8011 bﬁs@aﬁqﬁ%q‘%& A2AI';,341 TLPA MCNV
Yl PP YCTI AP&? SohaPQ T 829 A282 341 TLPA
MCNV Yl PP YCSH zrr«wapm@ @zf’ POAGHI20 FPLG FFQP 63D A3Al 341

TLPR MCNV YIBE ¥ | A 18758 PF 631 A3A2
341 TLPR Wlwsﬁaﬂggfg&g%ﬁ ﬁé, 02 O %m:iﬁ%gg% EQd PQQL 632
A3BI 341 TLHAGMIWRYIPTAREEY R AP 35309 'Ea QPIWE@TFPQQ_QQWPLQD 633 Al Al

349 Y| PP YCHI FPRGINYR30% O A 64 @MTIE@WFPQQ% 634 P.18! 349
YI PP YCTI VERG % NSEl A 1R pUcRIF pyee OOPF P@PQ 635 Al184349

YI PP YCAM APEG % RBIIMROR0OFGIoA 177 ook "> VPG%36  Pool 40

R F L Tl e T
QSQQ PFAQ 6385 ATA EVSASReRBENRCT| A 18ﬁ@1ﬂq2§wmﬂamg | A 204 QQSQ QSQQ PPAQ

PQQL FPEL 63931 HOB08900hRBNCST T Abia Mk @ Mbndidd oo | A 209 PFAQ PQQL FPEL

QP PQOP 646 %ﬁ % TTTA@S;S CERE BTG ool 7 FPEss QOPI PQQP QQPF

PLQP 641 A3 3 2R AP FGh loistsh Sirgbeh 16rri §§§ PQORYIQQPF PLQP

P S 613, R g %% | et ERETRGIR A 228 Fop GbF PO
113 A%

QXSF PQOP 6 4& 3EGE RAVP1 VI8 REF 0988 .32 GISC 73 QTCP HQPQ QQFP QPQQI;’QQI? 362

POOL 47

AdA 36 QQPQ EQVPLMQQ QQQFPGQQ 33 GIGA 73 QTYP HOPQ QQFP QTQQ FQUP )

ALA1 44 LVQQ QQFL GQQQ PRPP QOPY 34 GIIA 8] 8@» Q%Q% SSQQ%L%S Q%%F ggi
AIB1 44LVQQ QQFL GQQQ SFPP QQPY 35 GRA 81 QQVP QPQQ PQQP FLOP QQPE 365
AIB12 44 LVQQ QQFL GQOQ PFPP QQPY 36 GI3A 81 QQFS QPQQ PQQQ FIQP QQPF 366
A2A1 44 LVOQ QQFP GQQQ PFPP QQPY 37 Gl4 8! QQFP QPQQ PQQQ FLOP RQPF 367
A2B3 44 LVQE QQFQ GQQQ PFPP QQPY 38 GISA 81 QQFP QPQQ PQQP FPQQ PQQQ 368 .
A3A{ 44 LVQQ QQFP GQQQ QFPP QOPY 3% GlGA 81 QQFP QTQQ PQQP FPQP QQIF 369
1'}3% L? LYIQQ QQQF PGQQ EQFP PQQP 40 Gl1A 89 PQQQ FLQP QQPF PQOP QQPY 370

. POOL4S

A4D 44 LMQQ QQQF PGQQ ERFP POQP 41 GI3A 89 PQOQ FIQP QOPF PQQP '

_ AlAl 53 GQQQ PFPP QQPY PQPQ PFPS 42 GBBSY ngg Flgp SSPQ 51%9%% g:’/é
AlAY 53 GQQQPFPP QQPY PQPQ FPSQ 43 Gl4 89 PQQQ FLQP RQPF PQQP QOFY 373
AIB] $3 GOQQ SFPP QQPY FOF() PEPS 44 GISA 89 PQQP FPQQ PQQQ FPQE QQPQ 374
ﬁi 1[ 5;;; gggg quf; %%1;1; 1;’%?’8 gggg 45 GISC 89 PQQP FPQP QQPQ QPFP QPQQ 315

46 GIGA 89 POQP FPQP
Ad4A 53 GQQE QFPP QQPY PHQQ PEPS 47 POOL 49 QP FPQP QQIF FQQE QuEE 6
gg% L.;s GQQE RFEP QQPY PHQQ PFPS 48 GI5A 97 PQQQ FFQP QQPQ QPFP QQEQ 377
.« GISA 105 QQPQ QPFP QQFO QQFP QP
AlAl 61 QQPY PQPQ PFPS QLPY LOLQ 49 GISA 113 QgPQ SQFP%gq%QPgQP%PSI? g;;}
AlAY 61 QQPY PQPQ FPSQ LPYL QLQP 50 GISA 121 QPQQ PQQP FPQP QQPQ LPFP 380
AIBI 61 QQPY PQPQ PFPS QQPY 1QLQ 51 GIIA 126 QQPF PQQP QQPY PQQP QQPF 381
AZBl 61 QQPY PQQQ PFPS QQPY MQLQ 52 GI2A 126 QQPF PQQF QQPF PQTQ QPQQ 382
R’i‘ﬁ; 6619%(311:5\’ SEI?YQLI:;?{S 31%2??2% ;Q 53 GI3A 126 QQPF PQQP QQTY PQRP QQPF 383
54 G4 126
AIB1 69 PFPS QQPY LQLQ PFPQ PQLP 55 POOL SﬂR PFRAQF QU FQQP QQPF 384
; :) 13){ f 869 PFPS QQPY LOLQ PFSQ PQLP 56 GISA 126 QQPF PQPQ QPQL PFPQ QPQQ 385
. GI5C 126 QQPF PQPQ QAGL PEPO OF
AIB1I 69 PFPS QQPY LQLQ PFLQ PQLP 57 GIGA 126 QQTF P(QIQ% %LE?F PQQg SQ%? ggg
AlBI2 69 PFPS QQPY LQLQ PFLY POPF 58 Gl1A 134 QQPY PQQP QQPF PQTQ QPQO 388
A2A1 69 PFPS QQPY LOLQ PRPQ POLP . 59 GI2A 134 QQPF PQTQ QPQQ PFPQ QPQQ 389
AZB1 69 PFPS QQPY MQLQ PFPQ PQLP 60 GiJA 134 QQTY PQRP QQPF PQTQ QPOQ 390

AZR2 69 PFPS QQPY MQLQ PFPQ PQPF 61 GISA 134 QPQLPFPQ QPQQ QPQQ FFPQ 39t



G IA 17 GTAN MOVD PSSQ VONP QQQP 315 0 | A 249 PQOP QQSR § %5 645
GL2A 17 GTAN | OVD PSGO VOAL OOXL 316 0 IA 257 POOP OCPY %“ LTS 646
5 December 2006 WD 03/ 104273 PCT/ GB03/ 02450 104 GI3A 17 ATAN MOVD PSGQ
VPWP OQOP 317 0 I A 265 PQOQ PYGS SLTS 1 GO0 647 GI3B 19 MN | QUD PSGQ VPWP
Q0P FPvedey@ist8 1 ARQLNPSD QELQ SPQQ LYPQ 648 Gl4 BeriibyAD PSCO VONP
QOOP 319 01B 9 CELQ SPQQ LYPQ QPYP QQPY 649 GI5A 17 TTAN | OVD PSGQ VOWP
QU0 320 Olc | SRLL SPRG KELH TPGE QRPQ 650 GL5C | 7ATANMVDPSGQVQWPOOOP
321 01 C 9 KELHTPQEQFPQOOOFPQPQ 651 GL7 20 ONF PSGQ VONP QOOQ PFP 322 0 | C
17 QFPQ QQQEZEP% L@E@PQPPOOI 409 @5C (RAQBFREITIRICNE QQOPAPQP HOPF 323
8113952282303"’@ e : 3262%3?5@‘1’?3&253%@@“% PO PO 5237
'. n = Q PQQP 327
015C 25 PSGA 328 oo s%%cfﬁgl FPQP QQPF. 329

G 1A33 QQQPA g B rEOOR GO 3305740 > mi nal ¥k esi due in y2-,
y3-, or co iy m%&%@ 5 Dec@ g%om%ggq x%%ﬁéfggMz?égchw GB03/ 02450

105 TabI e 24810 7652(2@ AERERE ¥Rpept | CEPYTSRRSRPFEIPARYsi s Wit h patients
and gl ut en Aﬁ%ﬁ;t&%@ Q"gké:i%fj& SUBJ e rbeilBocPhbsial 7 Cl8aCl9 C20 C21 C22

C23 C24 C25$0@.1C27 DQ 22 22 A P2X 2XM28 282X 2X 2X
TI GEN muﬁﬁ{dﬁﬂ%ﬁ%&f‘! “’Q" éAﬂ ON £xe é—,ﬁ %@%&%ﬁ 363333
0.5 3 1 3 3A%Z2 DOWI PPRIOE EL 17 9514136 29 57 129
259 50 18 14%3553R1H2 %‘iﬁl&%l spcr%?% ﬁﬁ&%@%% 4 3«,4[%2 12126

Pepti de SequemageR mmmmeg%g?qw ng_ 178 QPQQ PFPQ SKQP QUFF PQPQ

AIB1 77 LOLQ PFPQ POPF LEQ L 53
A3B3 77 LOLQ PFPQ PQPF PPQL PYPQ 0 GISA 178 QPQQ PEPQ LOQP QQPL PQPQ 409
POOL 11 GI1A 186 SQQP QQQF 5QPQ QQFF QPQQ 410
" A4A 77 POPQ PFPP QLFY PQTQPFPP "§1 GRA 186 LQOP QQPF PQPQ QQLP QPQQ 411
A4B 77 PQPQ PFPQ PQPF PPQL PYPQ 82 Gl3A 136 S00P QQPF PQPQ QQFF QPQQ 412
AlAL 85 PQLP YSQP QPER PQQP YPQP 83 GH 186 SKQP QQPF PQPQ QPQQ SFPQ 413
AIAG 85 PQLP YSQP QQFR FQQP YPQP 84 GISA 186 LGQP QQPL PQPQ QPQQ PFPQ 414
AIBI' 85 POLP YLQP QPFR PQQPF YPQP 85 GISC 186 SQQP QQPF PQPQ QPQQ SFPQ 415
AIB4 85 PQLS YSQP QPFR PQGP YPQP 8 GILA 194 SQPQ QQFP QPQQ PQQS FPQQ 416
ARG 85 PQLS YSQP QPFR PQQL YPQP 37 POOLS54 )
AIB12 85 PQPF PPOL FYSQ PQPF RPOQ 88 GR2A 194 PQPQ QQLP QPQQ FQQS FPQQ 417
POOL 12 ' . GIA 194 PQPQ QQFP QPQQ PQQS FPQQ 418
A2A1 85 POLP YPQP QLPY PQPQLPYP 89 G4 194 PQPO QPQQ SFPQQQPS LIOQ 419
AZBl 85 PQLP YPQP QLPY PQPQ PFRP 50 GIsA 194 POPQ QPQQ PFPQ QQQP LIQP 420
AJE2 85 POPF PPQL PYPQ PQLP YPQP 91 GISC 194 POPQ QPQQ SFPQ GQQP LIQP 421
AZR3 85 PQLP YPQP QPFR PQUP YPQP 92 GilA 202 QPQQ PQQS FPQQ QPPF IQPS 422
AZB4 85 PQPF PPQL PYPQ PQPF RPQQ 93 GI2A 202 QPQQ PQQS FPQQ GRPF IQPS 423
A3Al 85 PQPF PPQL PYPQ PPPE SPQQ 94 GI3A 202 QPQQ PQQS FPQQ GPSL IQ0S 224
POOL 13 POOL 55 .
A3RI 85 PQPF LPQL PYPQ PQSFPEQQ 95 GILA 210 FPQQ QPEF IQPS LQQQ VNPC 425
A3B3 85 PQPF PPQL PYPQ PQSF PPQQ 96 GI2A 210 FPQQ QRPF IQPS LAQQ LNPC 426
A4A 85 QLPY PQTQ PFPF QQPY PQPQ 97 GI3A 210 FPQQ QPSL IQQS 1.0QQ LNEC 427
A4B 85 PQPF PPQL PYPQ TQPF PPQQ 98 GI5A 210 FPOQ QQPL IQPY LQOQ MNPC 428
A2A1 106 LPYP QPQP FRPQ QPYP QSGP 99 GI6A 210 FPQQ QQPA IQSF LQQQ MNPC 429
AZB| 106 LPYP QPQP FRPQ QSYP QPQP 100 GI1A 218 IQPS LOQQ VNPC KNFL LQQC 430
A3A] 106 LPYP QPRP FSPQ QPYP QPQP 101 GI2A 218 IOPS LQQQ LNPC KNIL LQQS 431
A3BI 106 LPQL PYPQ PQSF PPQQ PYPQ 102 GI3A 218 IQQS LOOG LNPC KNFL LQQC 42
POOL 14 . POOLS56 .
A4A 106 PPQL PYPQ TQPF PPQQ PYPQ 103 GISA 218 IQPY LQQQ MNPC KNYL LQQC 433
ALAL 112 QPFR PQQP YPQP QPQY SQPQ 104 GT6A 218 IQSF LQQQ MNPC KNFL LQQC 434
AIB6 112 QPFR PQOL YPQP QPQY SQPQ 105 GI1A 226 YNPC ENFL LQQC KPYS LVSS 435
A2A]1 112 QBFR PQQP YPQS QPQY SQFQ 106 GI24 226 LNPC KNIL LOQS KPAS LVSS 435
A2BI 112 QPFR POQS YPQP QPQY SQPQ 107 GI3A 226 LNPC XNFL LOQC KPVS LVSS 437
A3AL 112 PPFS PQQP YPQP QPQY PQPQ 108 - GISA 226 MNPC KNYL LQOC NPVS LVSS 438
A3B1 112 QSFP PQQP YPQQ RPKY LQPQ 109 GI6A 226 MNPC KNFL LQQC NHVS LVSS 439
A3JE2 112 QSFPFQQP YPQQRFMYLQPQ ~ 110 GHA 234 LQQC KPVS LVSS LWSM IWFQ 440
- POOL 15 . POOL37 .
A3B3 112 QSFP PQQP YPQQ QPOY LOPQ 111 GI2A 234 LOQS KPAS LVSS LWSI IWPQ 441
AdA 112 QPFP PQQP YPQP QPQY PQPQ 112 GBA 234 LOQC KPVS LVSS LWSM ILPR 242
AIAI 120 YPQP QPOY SQPQ QPIS QQQQ [I3 GISA234LQQCNPVSLVSSLVSMILPR - 443
AIE3 120 YPQP QPQY SQPQ EPIS QQQQ 114 GI6A 234 LOQC NHVS LVSS LVSI ILFR 444
AZAT 120 YPQS QPQY SQPQ QPIS QGQQ 115 GIIA242 LVSS LWSM IWPQ $DCQ VMRQ 445
A3A1 120 YPOP QPQY POPQ QPIS QQQA 116 GI2ZA 242 LVSS LWSI IWPQ SDCQ VMRQ . 446
A3BI 120 YPQQ RPKY LQPQ QPIS QQOA 117 GI3A 242 LVSS LWSM ILPR SDCQ VMRQ 447 -
A3B2 120 YPQQ REMY LOPQ QFIS QQOA 118 GM 242 LVSS LWSI ILPP SDCQ VMRQ . a8
POOL 16 . POOLS8 .
A3B3 120 YPQQ QPQY LQPQ QRIS QQQA 119 GI5A 242 LVSS LVSM ILPR SDCK VMRQ 449
ALAT 128 SOPQ QPIS QQOQ QQQQ QQQQ 120 GISC 242 LVSS LVSM ILPR SDCQ YMQQ 450
AIR3 128 SQPQ EPIS QQQQ QQQQ QQQL 21 GIGA 242 LVSS LVS! ILPR SDCQ VMQQ 451
. A3Al 128 PQPQ OPIS QQQA QQQQG QQQQ 122 GI1A 250 IWPQ SDCQ VMRQ QCCQ GLAQ 452
AIAl 13300000000 QQQQQQQQILOQ 123 GI3A 250 ILPRSDCQ VMRQQCCQQLAQ 453
AlA6 138 QQQQ QQQQ QRQQ QEQY ILQQ 124 GI4 250 ILPP SDCQ VMRQ QCCQ QLAQ 454

A1B11 133 QQQQ QQ0OQ QQQQ QQQQ UQQ 125 GISA 250 ILPR SDCK VMRQ QCCQ QLAR 455



2 RVPVPQLQPQONPEQQQP4  3MVRVPVPQLQPQNPSQOHPQ 4 VPVPQLQR: E(g
MVRVTVPQLQPQNPSQQOPQ  6AVRVSVPQLQPGNPSO00PQ 7 AVRVPVP 58&9% 8
AVRWPVPQLOQPONPSQQOOPQ 9 AVRVPVPQLQLONPSQQQPQ 10 RVPVPQ_Q_Q\IPSQQQ34 11
AVRVPVPQPQPQNPSQPQPQ -y. 12 AVRVPVEQL4PMFS000PQ 13 LQPQNPSQQLPQEQVPLVQQ
14 LQPQVRSREGRGEQ/PLVQY 15 LQPQNPSQLHPQEOVPLVQQ 16 He@RApReReePQEQVPLVQQ
17 LQPQNPSQUOPOKQVPLVQD 18 LOLONPSQOQPQEQVPLVOE 191 QL ONPSQOQPQEQVPLVQE
20 PQPONPSQPQPQGQVPLVQD 21 PQPQNPSQREPORQVPLVQQ  22L QPKNPS000PQEQVPLVQQ
gg LQDQ\IPSQQQDQEQ\/PLI\/QQ 24 Q_PQEQ\/PLVQQQQ:LGQQQ 25 HPQEQVPLVQQQQFLGD0Q

RSP BER TP QE QYL VQQQQFPGRQ

29 TofQR0 GV VQQQOFPGOQQ
> o sy
3 LVOQQQFLGRA] S QAR IOR. FPPQQPY

s
QO ILQQ QLT?
38 LV@W%W@}L@ QLIP

A2A1 146 QQKQ QQQQ QQQI LQQI LQQQ

+ AJAZ 146 QQQQ QQQQ ILPQ ILQQ QLI

POOL 18
A4A 146 0QQQ QQQQ TLQQ ILQQ QLIP
ALAT 163 1LQQ 1LQQ QLIP CMDV VIQQ
ALB6 163 ILQG MLQQ QLIP CMDV VLQQ
ALBIO 163 1LQO ILQQ QLTP CMDV VLQQ
A2BI 163 ILOO ILQQ QLIP CRDV VLOQ
A3AZ 163 ILPQ ILQQ QLIP CRDV VLQQ
A4A 163 TLQQ ILQQ QLIP CRDV VLQQ

AlAi 171 QLIP CMDV VLQQ HNIA HGRS .

POOL 19
AlA3 171 QLIP CMDV VLQQ HNKA HGRS

A1B2 171 QLIP CMDYV VLQQ HNLEA HGRS

AIB7 171 QLIP CMDV VLQQ HNIV HGRS
AIBI0 171 QLTP CMDV VEQQ HNIA RGRS
AlB[} 171 QLIP CMDV VLQQ HNIV HGKS

" AZA) 171 QLIP CRDY VLQQ HSIA YGSS

AZB1 171 QLIP CRDV VLQQ HSIA HGSS
A2B3 171 QLIP CRDV VLQQ HNIA BGSS
POOL 20

A3A1 171 QLIP CRDV VLQQ HNIA HARS
A3B1 171 OLIP CRDV VLQQ HNIA HASS

POOL 25

GliA 266 QLAQ ]PQQ LQCA AIHT THS
GI1B 266 QLAQ IPQQ LQCA AIHT VIHS
GI2A 266 QLAQ IPQO LQCA AIHS VVHS
GI3A 266 QLAQ IPQQ LQCA AIHS IVHS
POOL 60

GI5A 266 QLAR [PQQ LQCA ATHG IVHS
GI5C 266 QLAQ 1PRQ LQCA AJHS VVHS
Gl6A 266 QLAQ IPQQ LQCA AIHS VAHS
GI1A 274 LQCA AIHT IIHS IIMQ QEQQ
GILB 274 LOCA AIHT VIHS IIMQ QEQQ
GI2A 274 LQUA ATHS YVHS TMQ QQQQ
POOL 61

GI3A 274 LQCA AINS IVHS IMQ QEQQ
G4 274 LOCA AIHS VVHS IIMQ QEQQ
GI5A 274 LQCA AIHG IVHS IMQ QEQQ
GI6A 274 LQCA ATHS VAHS IIMO QEQQ
GI1A 282 ITHS IMQ QEQO EQQQ GMHI
GI1B 282 VIHS HMQ QEQQ QGMH ILLP
GI24 282 VVHS IIMO QQQQ QQQQ QGID
GI3A 282 YVHS IIMQ QEQQ EQRQ GVQI
POOL 62.

GH4 282 VVHS [IMQ QEQQ EQLQ GVQI
GlsA 252 IVHS IIMQ QFQQ QQQQ QQQR

151 GISC 282 VVHS IMMQ QEQQ QGIQ ILRP

GI6A 282 VAHS IIMQ QEQQ QGVP ILRP

POOL 67

461
462
463
464

465

466
467
468

469

470

n

472
473
474
475
476
477
478

19

480
481
482

518

AlTAL 179 VLQQ HNIA HGRS QVLQ QSTY 153 GI1A 280 QEQQ EQQQ GMHI LLPE YQQQ 483
AlA3 179 VLQQ HNKA HGRS QVLQ QSTY 154 GI2A 290 QQQQ QQQQ QGID IFLP LSQH 434
AIB2 179 VLQQ ENLA HGRS QVLQ QSTY 155 GI2B 290 QQQQ QQQQ QGMH IFLF LSQQ 485
AIB7 179 VLQQ HNIV HGRS QVLQ QSTY 156 GI3A 290 QEQQ EQRQ GVQILVPL SQQQ | 486
AI1B10 179 VLQQ HNIA RGRS QVLQ QSTY 157 POOL 63 .
AIBI1 179 VLQQ BNIV HGKS QVLQ Q8TY 158 GI4 290 QEQQ EQLQ GVQI LVPL SQQQ 437
POOL 21 . GI5A 290 QEQQ QQQQ QQQQ QQOG IQIM 488
A2A1 179 VLQQ HSIA YGSS QVLQ QSTY 159 GISC 290 QEQQ QGIQ ILRP LFQL VQGQ 489
A2B1 179 VLQQ HSIA HGSS QVLQ QSTY 160 GI6A 290 QEQQ QGVP ILRP LFQL AQGL 490
A?B3 179 VLQQ HNIA HGSS QVLQ ESTY 161 GI5A 298 QQQO QQQG IQIM RPLF QLVQ 491
A3AL 179 VLQQ HNIA HARS QVLQ QSTY 162 GILA 305 GMAT LLPL YQQQ QVGQ GILY 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 GI2ZB 305 GMHI FLPL SQQQ QVGQ GSLY 494
AIAl 187 HGRS QVLQ QSTY QLLQ ELCC 165 POOL 64 .
AlA3 137 HGRS QVLQ QSTY QLLR ELCC 166 GI3A 305 GYQI LVPL $QQQ QVGQ GTLY 495
- POOL22 . GHM 305 GVQILVPL SQQQ QVGQ GILV 496
" ALBS 137 HGRS QVLQ QSTY QLLR ELCC 167 GISA 305 GIQI MRPL FQLV QGQG IQP 497
AIBI1 187 HGKS QVLQ QSTY QLLQ ELCC 168 GISC 305 GIQI LRPL FQLV QGQG 1IQP 498
AZA] 187 YGSS QVLQ QSTY QLVQ QLCC 169 GI6A 305 GVP! LRPL FQLA QGLG 1IQP 499
A2B1 187 HGSS QVLQ QSTY QLVQ QFCC - 170 GI1A 313 YQQQ QVGQ GTLV QGQG 1IQP 500
A2BY 187 HGSS QVLQ ESTY QLYQ QLCC 171 GizA 313 SQHE.QVGQ GSLV QGQG IIQP 50
A3A1 187 HARS QVLQ QSTY QPLQ QLCC 172 GIZB 313 5QQQ QVGQ GSLY QGQG IIQP 502
A3B1 187 HASS QVLQ QSTY QLLQ QLCC 173 POOL 65 .
Ad4A 187 HASS QVLQ QSSY QQLQQLCC 174 GI3A 313 5QQQ QVGQ GTLV QGQG 1IQP 503
POOL 23 . Gl4 3133QQQ QVGQGILY QGQG QP 504
AIAl 195QSTY QLLQ ELCC QHLW QIPE 175 GI1A 321 GTLV QGQG IIQP QQPA QLEA 505
AIA3 195 QSTY QLLR BLCC QHLW QIPE 176 GIZA 321 GSLV QGQG IIQP QQPA QLEA 506
AIBS 195 QSTY QLLR ELCC QHLW QIPE 177 GISA 321 FQLV QGQG NIQP QQPA QLEV 507
A2A 195 OSTY QLVQ QLCC QQLW QIPE 178 GI6A 321 FQLA QGLG IIQF QQPA QLEG 508
A28] 95 QSTY QLYQ QFCC QOLW QIPE 179 GI1A 329 QP QQPA QLEA IRSL VLQT 509
A3AL 195QSTY QPLQ QLCC QOLW QIPE 180 GI3A 329 1IQP QQPA QLEV IRSL VLQT 510
A3B1 195 QSTY QLLQ QLCC QQLL QIPE 121 POOL 66 .
AdA 195 QSSY QQLQ QLCC QQLF QIPE 182 GI3C 329 TIQP QQPA QLEV IRSS VLQT 511
POOL 24 . GI5C 329 IIQP QQPA QYEY IRSL VLRT 512
AlAl 203 ELCC QHLW QIPE QSQC QAIH 183 GIGA 329 IIQF QQPA QLEG IRSL VLET 513
AiB6 203 ELCC QHLW QILE QSQC QAIH 134 GIIA 337 QLEA IRSLVLQT LPTM CNVY 514
A1B10 203 BLCC QHLW QIPE KLQC QAIH 185 GI2A 337 QLEA IRSL VLQT LPSM CNVY 515
AZA1 203 QLCC QOLW QIPE QSRC QATH 186 GI3A 337 QLEV IRSL VLQT LATM CNVY 516
A?B] 203 QFCC QQLW QIPE QSRC QAIH 187 GI3C 337 QLEV IRSS VLQT LATM CNVY 517
-A3B1 203 QLCC QQLL QIPE QSRC QAH GI5A 337 QLEV IRSL VLGT LFTM CNVE



39 LVQQQQFPGQQQOFPPQRPY 40 LMDOOOQFPGOQEQFPPQQP  41L PQQP
42 mDFPP@DYPQDQDQg;S 43 GQQOPFPPQQPYPQPQFPSQ 5 Deceﬁgeérgnﬁ%ggg%

03/ 104273 PCT/ GB03/ 02450 106 44 3QQ$EEIF__>S§PYZ7QPQPFPS |P " Yg5 e
3QQQPFPPQOPYPQQQPFPS 463 QQQQFPPQOPYP GQQRF HOQP
48@QQI?RR%%@BWHQQDFPS 49 QPYPQPQPFPSQLPYLQLQ 50 QRRRaERSELPYLQLQP 51
QPYPQPQPFPSQOPYLQLQ 52 PYPQQQPFPSQOPYMOLQ 53QQPYPHQOPFPSQQPYPQPQ 54
PFPSQLPYLQL QPFPQPQLP  55PFPSQLPYLQLQRPQPALP  56PFPSQPYLOLQPFSQPQLP 57
PEPSQQPYLQLQPFLOPOLP 58 PFPSQQPYLQ_QPFLQPQPF 59 PFPSQQPYLQLQPFPQPQLP

A2A] 301 QQYP SGQG SEQP SQQN PQAQ
POOL 33

252

GIIT 1A 89QQQQ PPFS QQQQ PPFS QOQQ
GII 1A 97 QQQQ PPFS QQQQ PVLP QQSP

60 PFPSQUPYMFLPRE FVLRHMRPSQQPY; QPFPQPQPF
63PFPSQUPYL QLGREE cﬁ%xﬁﬁ?@ﬁ@Y QPFPQPQPF
66 L QL QPFPQPQARY G PR QPFF3 QPYLQPQPFR i
el -mr ﬁ; PYSGPGPFR
69L QL QPFPQPQatY S biéaldkd: . QPREQPQLPYSQP
QA]H NWH Am. 195 GISC345 VLRT LPNM CNVY VRPD csn 525
72 LQ—QDFLQD@E? ?%QMH NVVHAIL 196 GI6A 345 VLKT LPTM CNVY VPPD CSTI 526
POOL 26 . POOLS6S .
A3B3 211 QIPE QSQC QAIH NVAH AUM 197 GIiA 353 CNVY VPPE CSH KAPF SSVV 527
AdA 211 QIPE QSRC QATH NVVH AILL 198 GI2A 353 CNVY VPPE CSIM RAPF ASIV 528
AIA1 219 QAIH NVVH AIIL HQQQ KQOQ 199 GI3A 353 CNVY VPPY CSTI RAPF ASIV 529
ALAG 219 QAIH NVVH ANIL HQQQ QKQQ 200 GISA 353 CNVF VEPE CSTT KAPF ASIV 530
AIB3 219 QATQ NVVH ANIL HOQQ KQQQ 201 GISC 353 CNVY VRPD CSTINAPF ASIV 531
A1B9 219 QAIH KVVH ATIL HQQQ KQQQ 202 GI6GA 353 CNVY VPPD CSTINVPY ANID 532
A1B13 219 QAIH NVVH AIIL HQQQ QQQQ 203 GI1A 361 CSIE KAPF S8VV AGIG GQ 5313
A2B3 219 QAIH NVVH ATIL HQQH HHHOQ 204 GI2A 361 CSIM RAPF ASIV AGIG GQ 534
POOL 27 . POOLG9 .
A3A1 219 QAIH NVVH AIIL HQQQ RQQQ . 205 GI3A 361 CSTIRAEF ASIV AGIG GQYR 535
AIB! 219 QAIH NVVH ATIM HQQE QQQQ 206 GI4 361 CSTIRAPF ASIV ASIG GQ 536
A3B3 219 QAIH NVAH AIIM HQQQ QQQQ 207 GISA 361 CSTTKAPF ASIV ADIG GQ 537
AdA 219 QAIH NVVH AILL HHHG QQQQ 208 GISC 361 CSTINAPF ASTV AGIS GQ 538
ALAL 227 AHL HQQQ KQQQ QPSS QVSF 209 GIGA 361 CSTINVPY ANID AGIG GQ 539
ALAG 227 AL HQQQ QKQQ QQPS SQFS 218 GH 1 PQQP FPLQ PQQS FLWQ SQGP 540
AIB2 227 AIIL HQQQ KQQQ QLSS QVSF 211 GII 9 PQQS FLWQ SQQP FLQQ PQQP 541
AIB10 227 AlIL HQQQ KQQQ PSSQ VSFQ 212 GII I'73QQP FLQQ PAQF SPQP QQVY 542
POOL 28 . POOLT0 ;
A1B13 227 AlIL HQQQ QQQQ EQKQ QLOQ 213 GII 25 PQQP SPQP QQVV QIIS PATP 543
A2AL 227 AL HQOQ QQQQ QQQQ QPLS 214 GU 33 QQVV QUS PATP TTIP SAGK 544
AZB3 227 AllL HQQH HHEQ QQQQ QQQQ 215 GII41 PATP TTIP SAGK PTSA PFPQ 545
A2B4 227 AL HQQH HHHO EQKQ QLOQ 216 GI[49 SBAGK PTSA PFPQ QQGQ HQQL 546
AJAI 227 AlIL HQQQ RQQQ PSSQ VSLYQ 217 GII 57 PFPQ QQOQ HQOL AQQQ IPVY 547
AJBI 227 AlIM HQQE QQQQ LQQQ QQQQ 218 GII 65 HQQL AQQQ IPVV QPSILQOL 548
A3B3 227 AIIM HQQQ QQQQ EQKQ QLQQ 219 GI 73 PVV QPSI LQQL NPCK VFLQ 549
AdA 227 ARL HHHAQ QQQQ QPSS QVSY 220 GII 81 LQQLNPCK VFLQ QQCS PVAM 550
POOL 29 . POOLTL _ .
ALAL 235 KQQQ QPSS QVSF QQPL QQYP 22! GII 89 VFLQ QQCS PVAM PQRL ARSQ 551
AAG 235 KQQQ QPSS QFSF QQPL QQYP 222 GIT97 PVAM PQRL ARSQ MLQQ SSCH 552
Al1B2 235 KQQOQ-QLSS QVSF GQPQ QQYP 223 GII 105 ARSQ MLQQ S5CH VMQQ QCCQ 553
AIBI0 235 KQQQ PSSQ VSFQ QFQQ QYPL ™ 224 GIf 113 SSCH VMQQ QCCQ QLPQ IPQQ 554
AlB13 235 QQQQ EQKQ QLQO QQQQ QQOL 225 GII 121 QCCQ QLPQ IPQQ SRYQ AIRA 555
A2B4 235 HHHQ EQKQ QLGQ GQQQ QQOL 226 GII 1278 PQIP QUSR YEAIRAI YSII 556
AJAT 235 RQQQ PSSQ VSLQ QPQQ QYPS 227 G 129 IPQQ SRYQ ARA ITYS ILQ 557
AIBI 235 QQQQ LOGQ QOQQ LOQQ QGQQ 228 GI1137 AIRA 1IYS [ILQ BQQQ VQGS 538
POOL 30 " . POOLTZ ]
AdA 235 QQQQ QPSS QVSY QQPQ EQYP 229 Gl 145 ILQ EQQQ VQGS 1Q5Q QQQP 559
AIB13 243 QLQQ QOOQ QOOL QQQQQKQQ 230 GII 153 VAGS 105Q QOQP QQLE QCVS 560
AIBI3 251 QQOL QQQQ QKQQQQPS SQVE  ~ 231 GIT 161 QQQP QQLEG QCVS QPFOQ QSO0 561
AZAT 260 QQQQ QQQQ QPLS QVSFQGPY 232 GII 169 QCVS QPQQ QSQQ QLGQ QPQQ 562
A2BE 260 QQQQ QOQQ QPLS QVCF QQSQ 233 GH 177 QSQQQLGQ QPQQ QLA QUIR 563
'A2B3 260 HEHQ QQQQ QQQQ QPLS QVSF 234 GIT 185 QPQQ QQLA QGTF LQPH QIAQ 564
A3BL 260 QQQQ Q0QQ QBSS QVSF QQPQ 235 POOL73 ‘ oo
A2A1 289 QPLS QVSF QQPQ QQYP SGQG 236 GH 193 QGTF LQPH QIAQ LEVM TSIA 565
POOL 31 - GIL201 QIAQ LEVM TSIA LRIL PTMC 566
AZB1 280 QPLS QVCF QQSQ QQYP 5GQG 237 GIE209 TSIA LRIL PTMC SVNV PLYR 567
A3IB] 289 QPSS QVSF QQPQ QQYP SSQV 238 GiI217 PTMC SVNV PLYR TTTS VPFG 568
ALAL 293 QVSF QQPL QQYP LGQG SFRP 239 GII1225 PLYR TTTS VPFG VGTG VGAY 569
AlAG6 293 QFSF QQPL QQYP LGQG SFRP 240 GUI1A U'TITR TFPLPTIS SNNN HHFR 570
AIB? 293 QVSF QQPQ QQYP LGQG SFRP 241 GIHIIA 9 PTIS SNNN HHFR SNSN HHFH 571
AZAl 293 QVSF QQPQ QQYP SGQG SFQP . 242 GUIIA Y7 HHFR SNSN HHFH SNNN QFYR 572
A2B| 293 QVCF QQSQ QQYP SGQG SFQP 243 POOL T4 .
A2B3 293 QYSF QQPQ QQYP SGQG FFQP 244 GIHITA 25 HHFH SNNN QFYR NNNS PGHN 573
POOL 32 . GIIT1A 33 QFYR NiNS PGHN NPLN NNNS 574
A2BS 293 QVSF QQPQ QQYP SGQG FFQP 245 GUI1A 41 PGHN NPLN NNNS PNNN SPSN 575
A3AI 293 QVSL QCPQ QQYP SGQG FFQP 246 GIIN 1A 49 NNNS PNNN SPSN HHNN SPNN 576
A3BI 293 QVSF QQPQ QQYP SSQV SFQP 247 GUI 1A 57 SPSN HHNN SPNN NFQY HTHP s77
A3B2 293 QVSF QQPQ QQYP SSQG SFQP 248 GHI LA 65 SPNN NFQY HTHP SNHK NLPH 5T8
AdA 293 QVEY QQPQ EQYP SGQV SFQS 249 GIII 1A 73 HTHP SNHK NEPH TNNIQQQQ 579
AlAL 301 QQYP LGQG SFRP SQQN PQAQ 250 GIH 1A 81 NLPH TNNIQQQQ PPFS QGQQ 580
AIB2 30t QQYP LGQG SFRP SQON SQAQ 251 POOL7S ;
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73 LQLQPFPQPQLPYPQPQLPY 74 MOLQPFPQPQLPYPQPQLPY 75
QL QPEPQPQPEPPQLPYPQ™. i ,. 76 LQLQPFPGPOLPYPOPGPFR 77L QL OPEREPSRERRLPYPQ
70LQLQPFPRPQLPYPQPQPFR  79LQLQPFPQPQPFLPQLPYPQ  80LQLQPFPQPQPFPPQLPYPQ :
81PQPQPFPPQLPYPQTQPFPP  92PQPQPFPQPQPFPFQLPYPQ 83 PQLPYSQPQPFRPQQPYPQP B4
PQLPYSQR@IZRRAEPYPQP k. dda  05PQLPYLQPQPFRPQRPYPQP Bp6PQemYB@BQPFRFQQPYPQP
87 PQLSYSQPQPFRPQQLYPQP 88 PQPFPPQLPYSQPQPFRPQR 89 PQLPYPQPQLPYPQPQLPYP
90PQLPYPQPQLPYPQPQPFRP 91 PQPFPPQLPYPQPQLPYPQP 92 PQLPYPQPQPFRPQQPYPQP
93PQPFPPQLPYPQPQPFRPQQ 94 PQPFPPQLPYPQPPPFSPQR 95 PQPFLPQLPYPQPQSFPPQQ

96 PQPFPPQLPY/ PRQY FrOBTALRNPQT ORERRIGRYRQRIL 6 8o o8 51
PQPFPPQ.PYP@%%SG ERUR K 20@@ 3@ o ’ WO%EMSO 107
99LPYP(;;P(;;PF3»;%E PBQPSGA0LN I OB 0! SPQUPYPQPQP

PR
/SR S
102 LPQPYP FSSSE@ PPQL@F‘&F%F?% BNy o
QPFRPQQPYPQRQHQY ST QQL ¥BQBRPRYS 106 FRPQUPYFQSQPQYSQPQ
A Al SFKP SQN PQAQ GSV PQQL 260 GIE1A 153 C LOQOQ CSPV AMPQ RLAR -
POOL 34 . GIII 1A, 161 CSPV AMPQ RLAR SQMW Q0SS 590
ALA3 309 SFRP SQQN PQTQ GSVQ PQQL 261 GII 1A 169 RLAR SQMW QQSSCHVM QQQC 591
AlB? 309 SFRP SQQN SQAQ GSVQ PQQL 262 GHI LA 177 QQS8S CHVM QQQC CQQL QO 592
A1B3I 309 SFRP SQQN PQDQ GSVQ PQGL 263 GIU 1A 185 QQQC CQQL QQIP EQSR YEAI 593
AlB4 309 SFRP SQQN PRAQ GSVQ PQQL 264 GIH 1A 193 QQIP EQSR YEAIRAI YSIT - 504
A2A1 309 SFQP S3QON PQAQ GSVQ PQQL 265 GIH 1A 201 YEAIRAQ Y511 LQEQ QQGF 595
AZB3 309 FFQP SQOQN PQAQ GSFQ PQQL 266 GIII 1A 209 YSI LQEGQ QQGF VQPQ QQQP 506
AZB5 309 FFQP FQON PQAQ GSFQ PQQL 267 POOL 77 .
A3Al 309 FFQP SQON PQAQ GSVQ PQOL 268 GIIE 1A 217 QQGF VQPQ QQQP QQSG QGVS 597
Pool 35 . GHI 1A 225 QOQP QOSG QGVS QSQQ QSQQ 598
A:!Bi 309 SFQP SQLN PQAQ GSVQ PQRL - 269 GIT 1A 233 QGVS QSQQ Q8QQ QLGQ CSFQ 599
A3BY 309 SEQP SQLN PQAQ GSVQ PQQL 270 GIII 1A 241 QSQQ QLGQ CSFQ QPQQ QLGQ 600
‘AJB2 309 SFQP SQON PQAQ GSVQ PQQL 271 GII 1A 249 C8FQ QPQQ QLGQ QPQQ QQRQ &01
AdA 309 SFOS SQON POAQ GSVO POOL 272 GHI 1A 257 QLGQ QPQQ QOOQ QVLQ GTFL 602
ALAL 317 PQAQ GSVQ PQQL PQFE EIRN 273 GHI 1A 263 QQQQ QVLQ GTFL QPHQ IAHL 603
ALAD 317PQTQ GSVQPQQL PQFEERN . 274 GII 1A 271 GTFL QPHQ IAHL EAVT SIAL 604
AlAG 317 PQAQ GSVQ PQQL PQFE IRNL 275 POOL 78 .
CALBI 317 PLAQ GSVQ PQQL PQFE EIRN 276 GIII LA 279 IAHL EAVT SIAL RTLP TMCS 605
POOL 36 . GIIT 1A 287 SIAL RTLP TMCS VNVP LYSA 606
A1B3 317 PQDQ GSVQ PQQL PQFE EIRN 277 GII 1A 295 TMCS VNVP LYSA TTSV PFGV 607
AlB4 317 PRAQ GSVQ PQQL PQFE EIRN 278 GIII 1A 303 LYSA TTSV PFGY GTGV GAY 608
AZB3 317 PQAQ GSFQ PQQL PQFE EIRN - 279 GII 1B 26 SCIS GLER PWQQ QFLP PQQS 609
A2BS 317 PQAQ GSFQ PQQL PQFE AIRN 280 GIII1B 34 PWQQ QPLP PQQS FSQQ PPFS G610
-A3B1 317 PQAQ GSVQ PQQIL PQFA EIRN 281 QUIIB 42 PQQS FSQQ PPFS QQQQ QPLP ) 411
AdA 317 PQAQ GSVQ PQQL PQFQ EIRN 282 GII IB 50 PPFS QQQQ QP_LP QOPS FSQQ 612
Pooi 37 . Poot 79 .
AlAl 325 PQQL PQFE EIRN LALQ TLPA 283 GIll IB 58 QPLP QQPS F3QQ QPPF 50QQ 613
AlAG 325 POQOL PQFE IRNL ALQT LPAM 284 GII 1B 66 F3QQ QPPF SQQQ PILS QQPP 614 -
AiBI12 325 PQQL PQFE EIRN LARK 285 GIX1B 74 5QQQ PILS QQPP FSQQ QQEV 615
AZAL 325 PQQL PQFE EIRN LALE TLPA 286 O 1A 17 ATAA RELN PSNK ELQS PQQS 6l6
A2B5 325 PQQL PQFE AIRN LALQ TLPA 287 O 1A, 25 PSNK ELQS PQOS FSYQ QQPF 617
A3BI 325 PQQL PQFA EIRN LALQ TLPA 288 O IA 33 PQQSFSYQQQPF PQQP YPQQ 618
Ad4A 325 PQQL PQFQ EIRN LALQ TLPA 289 O 1A 41 QQPFPQQP YPQQFYPS QQPY . 619
AlAY 333 EIRN LALQ TLPA MCNV YIPP 290 O 1A 49 YPQQ PYPS QQPY PSQQ PFPT 620
POOL 38 .. POOLSO .
AlA3 333 EIRN LALQ TLPS MCNV YIPP 291 O 1A 57 QQPY PSQQ PFPT PQQQ FPEQ 621
A2Al 333 EIRN EALE TLPA MCNV YIPP 292 O 1A 65PFPTPQQQ FPEQ SQQP FTQP - 622
A3JAY 333 EIRN LALQ TLPR MCNV YiPP 293 Q1A 73 FPEQ SQQP FTQP QQPT PIQP 623
AlAl] 341 TLPA MCNV YIPP YCTI APFG 294 O 1A BLFTQP QQPT PIQP QQPF PQQP 624
AlA3 341 TLPS MCNV YIPP YCTI APFG 205 O 1A 89 PIQP QQPF POQP QQPQ QPFF 625
ALBI 341 TLPA MCNV YIPP YCT] VPFG 296 O 1A 97 PQQP QQPQ QPFP QPQQ PFPW © 626
AlB4 341 TLPA MCNV YIPP YCAM APFG 297 O 1A 105 QPEP QPQQ PFPW QPQQ PFPQ 627
AIBS 341 TLPA MCNV YIPP YCTI TPFG 298 O 1A |13 PFPW QPQQ PFPQ TQQS FPLQ 628
Poal 30 . POOL 81 .
A2A1 34] TLPA MCNV YIPP YCTI APVG 299 O 1A 121 PFPQ TQQS FPLQ PQQP FPQRN 629
A2B2 341 TLPAMCNY YIPP YCST TIAP 360 O 1A 129 FPLQ PQGP FPQQ PQQP FPQP 630
A3AY 341 TLPR MCNV YIPP YCST TIAP 301 O 1A 137 FPQQ PQQP FPQP QLPF PQQS &3
A3A2 341 TLPR MCNV YIPP YCST TTAP 302 O 1A 145 FPQP QLPF FQQS EQUL PQQL 632
. AIB| 34[ TLPA MCNYV YIPP HCST TIAP 303 O 1A 153 PQQS EQI PQQL QQPF PLQP 633
ATAl 349 YIPP YCTI APFG IFGT NYR 304 O 1A 161 PQQL QCPF PLQP QQPF PQOP 634
A1B1 349 YIPP YCTI VPEG IFGT NYR 305 O1A 169 PLQP QQPF PQQF QQPF PQPQ G435
AlB4 349 YIPP YCAM APFG IFGT NYR 306 O1A 177 PQQP QQPF PQPQ QPIP VQPQ 636
Pool 40 . . Pool 82 .
AEBS 349 YIPP YCTM APFG IFGT NYR 307 O 1A 185 PQPQ QPIP VQPQ QSFP QQS50Q 637
AlBY 349 YIPP ¥CTI TPFG IFGT N 308 O [A 193 VQPQ QSFP QOSQ QSQQ PFAQ G638
AZA| 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 FFAQ PQQL FPEL QQPI PQQP 6840
A3AZ 349 YIPP YCST TTAP FGIF GTN 311 O 1A 217 FPEL QQP1 PQQP QQPF PLQP 641
" A3BI 349 YIPP HCST TIAP FGIF GTN 312 O 1A 225 PQQP QQPF PLQP QQPF PQQP 642
AIB3 349 YIPP HCST TIAP FGIS GTN 313 O 1A 233 PLQP QQPE PQQP QQPF PQQP 643
AdD 350 IPPY CSTT IAPF GIFG TNYR 114 O 1A 241 POQQP QQPF PQQP QQSF PQQP 644
Pooi 41 POOL 83 .
GI1A 1'7 GTAN MQVD PSSQ VOWP QQQP 3157 © 1A 249 PQQP QQSF PQQP QQPY PQQQ 645

. GIZA 17 GTAN IQVD PSGQ VOWL QQQL 316 O 1A 257 PQQP QQPY PQQQ PYGS SLTS 646



107 QPFRPQUSYPQPQPQYSQPQ 108 PPFSPQUPYPQPQPQYPQPQ 10 %%P QPYPRORPKYLQPQ
110 QSFPPQQPYPQQRPMYLQPQ  111QSFPPQOPYPQQQPQYLQPQ 112%@ BOPTPOPQPQYPQPQ
113 POPQPQYSQPQQPI SQCQQ ~F. .~ 114 YPQPQPQYSQPQEPI SQQQ
115YPQSQPQYSQPQOPI SQQQQ 116 YPQPQPQYPQPQQPI SQQQA 117 YPQORPKYLQPQQP! SQQQA
110 YPQQRPIWE PP SQQQA 119 YPQQQPQYLQPQRPI SQQQA 1 28 3@RQaR4S00QQQQQQQAQ0
121 SQPQEPI SQRQQRQQQQQAQQ 122 PQPQQPI SQRQAQRAQQQA 123
QRERRARRD0QRACQAD0Q LQQ 12400000 QA LQQ  125QQQQQ000QRAARAARA | QQ
126 QRARA000QRARKQARARRARQAQQA 127 Qmﬂ TLOQ sC 5 126
QRARRAARAQ L OQt QXD EA0 QREhdoPYas $30c QEQQE QQMLQQQLI P
Wi gy sk Q%"S?E@ G000 LQQI LQQ
; 8l LQQ Q0L PCVDW.QQ
R Q% "TLQQ LERXQLI PCRDWLQQ
2 QLI PCVDWLGQHNI AHGRS

o)
140 LPQI LQQQLl PCR

+ 01 14%&'—2} A VYTV ek %&',GRS 324
GI3A 25 PSGO VEWP QOQP FPQP HOPF 325
Gi4 15 PSGQ VQWP QQOP ILQP HQPF 126
GISA 25 PSGQ VQWP QQQQ PFPQ PQQP 327
GISC 25 PSGQ VOWP QQQP FRQP QQPF 328
GI6A 25 PSGQ VQWP QOQF FPQP QQPE 329
GH1A33 QQOP VPOP HOPF SQQP QQTF 330

*Position of N-terminal residue in o, y1-, y2-, y3-, or ® consensus sequence



144 QLI POVDW.QRHNLAHGRS  1450L1 PCVMDWLQQHNI VHGRS  146QL, C%%ARGRS
147 L1 PCVMDW.QQHNI VHGKS ~ 1480LI PCRDWLQQHSI AYGSS 149 LI'P AHGSS

150QLI PCRDWLQQHNI AHGSS  151QLI PCRDW.QORNI AHARS ~ 152QL1 PCRDVWLQQHNI AHASS
153 VLQQHNI AHGRSQVLQQSTY 5 Decenber 2006 WO 03/ 104273 PCT/ GB03/ 02450 108
154 VL QQRIKAHERIEV/LQQSTY 155 QQHNLAHGRSQVLQQSTY 156 Virg@rdodRERSQVL QQUSTY
157 VLQQHNI ARGRSQVLQQSTY 158 VLQQHNI VHGKSQVLQQSTY 159

VLQOHSI AYGSSOVLQRSTY  160VLQRHSI AHGSSIMLQQSTY 161 VLQOHNI AHGSSQULQESTY
162VLQQHNI AHARSQVLQQSTY  163VLQQHNI AMRSSQVLOQSTY 164 VLQQHNI AHASSQVL QQSSY
165HGRSQVL Qe 4. B Ghninekh @@g, 167 HERSOVLQQSTYQLLRELCC
168HGKSOVL QQg QEL% 163 sqm%%’%%%&m ‘?;‘S‘ﬁgé%yt TYQLVQQFCC
171HGSSQVLQESTYQLVQQLCC 172 HARSQVLQRSTYOPLQQLCC 173 HASSQVLQOSTYQLLQQLCC
179 SQVLQOSS¥eXE: 6ldtC- - . I STS " oE LIRSS HEREEQ00HLWY PE
1770STYQLL REEEEOH W) PE 178 . %mﬁ\ﬂgg 2x | 28 iﬁ*? Lf

179QSTYQLV S 'hf@P _OOOQ_V\Q PE -

DURATION OF CHALLENGE (DAYS) El 6 3] 0.5 3 1]
lE)QMINANT PEPTIDE ELISPOT SFC - - ‘

i3 3
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619 2QPFPQOPYPQOPYPSQOPY 620 YPQQPYPSQQPYPSQQPFPT 621
QQPYPSOQFFERATMFPEQ 622 PFPTP ?R QQOFPEQSQQPFTQP 623FPEQSQQPFTQPQQOPTPI QP
624 FTQPQUPTPI QPQQUPFPQQP . ~.'q., 625P1 QPQOPFPQOPQOPQUPFP 626
PQOPQRPQUPFPQPQOPFPW 627 QPFPQPQUPFPWQPQUPFPQ zf >: ~  628PFPWOPQUPFPQTQRSFPLQ
a 2 629 FEPQTQQSFHGRGRRARON 408/ RLIRQURTRAPRATERR iy 6 D 4 71
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636 PQQDDQ%BE’fméaEN%r&Z RS dgeRtESt Y QPQLSFPQSO
(a) a peptide comprising at least one epitope comprising a sequence selected
- -from the group consisting of SEQ ID NO:22 and transglutaminase-deamidated SEQ
ID NOs:19-21, 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
- receptor that recognises the epitope 6f (a) and which is not more than 50 amino
acids
-in length; and
(©) 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.

2. A use of claim 1 wherein the agent is HLA-DQ2-restricted.
3. A use of claim 1 wherein the agent is HLA-DQ8-restricted.

. 4. ‘A use of claim 1 wherein one agent is HLA-DQ2-restricted and a second
_ .agentis HLA-DQ8-restricted.

5. A use of claim 1 wherein the agent comprises a wheat epitope.

6. A use of claim 1 wherein one agent comprises a wheat epltope and one

: 'agent comprises a rye epitope.

7.~ Auwseof claim 1 wherein one agent comprises a wheat epitope and one

_ agcnt comprises a barley epitope.
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852 'LSELIiggRC%E;Toq;(?: IR25.1 to 40 10. 11825 5.1 tol0 <5 3x Bl 5 Decenber

for the preparation of a nedicamen .
2006 118 CLAIMB 1, Use of an agent f : conpri ses:
for treating il pr%'!}%’rﬂﬁclﬁgﬂdodler@nodttmﬂﬁﬁ)mﬁﬁﬂ@iﬂy@epﬂ%e‘%ﬂg%&e%@g

1S i i's a sequ
tide i - st one epitope conpr
gg?egtggp froﬁ?t e&ggg%geggﬁgggtlng of SEQ ID NC&Z%Gang9_44 and 46 and
transgl ut am nase- deam dated SEQ |D NGs: 19-21, 31-36, , ,

[ A" 0 | ( ) I I h

whi ch is not  rempritchabadéy GRopS and6hdsent comprises a rye epitope.

10. A useof claim 1 wherein a Siﬁgle agent comprises a wheat epitope, a barley
epitope, and a rye epitope.

11. A use of claim 1 wherein the agent is present within a pharmaceutical

composition comprising a pharmaceutically acceptable carrier or diluent,

12.  Awuseofclaim 1 whepéin 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 1, and a pharmaceutically acceptable carrier or diluent.

13. © Auseofclaim 1 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

‘ ahtibddy response to an agent'as defined in claim 1.

14, An agent as defined in claim 1, optionally in association with a carrier, for
use in a method of treating or preventing coeliac disease by tolerising T cells which
‘recognise the agent. '



in length; and (c) optionally, in addition to the agents;ggl&stsdobsom (a)
and (b), a peptide conprising at |east one epitope conprising a sequence
selected fromSEQID NO | and SEQID NO 2. 2. A use of claim1l wherein
the agent is HLA-DQ-restricted. 3. A use of claim1l wherein the agent is
HLA-DB-restricted 4. A use of claim1l wherein one agent is
HLA-DQR2-restricted and a second agent is HLA-D@B-restricted. 5. A use of
claiml| wherein the agent conprises a wheat epitope. 6. A use of claiml
wherei n one agent conprises a wheat epitope and one agent conprises a rye

epi tope. 7. Aldse dtfnant@ionkﬂomwiwhEH%aéﬁg%gég%%té%%eg\@gég@?ﬁitOpe

and one agenf tﬁ,?,ﬂﬁ’” ses a barl ey epi.tofpe. _ A use of
claim | whereln oA BGEMcEgnpithaecarmer, preusepn b opthoalnd teMeh @@ Rdven rises

a barley epi tcx@ac&iseaéebt,sgﬁgéongi@ﬁ]bﬁﬂg £ei n one agent conprises wheat
epi tope, one agent conprises a barley egl'tope, and one agent conprises a
rye epitope. 10. A use of claiml wherein a single agent conprises a wheat

epitope, a bard.ey AgRi .a rye_epitope. 11. A use of claiml wherein
the agent is present %\néngﬁlg%e%ggﬁé?lf‘ﬂébéﬁf?%é‘!alo%!érﬂWbirldBamamﬂ)myitMtng a

phar maceut i c 1inds ta g epitapelo€ at agdni 8§ deTined; A use of ciaiml
wherein the qg'g;gvcﬁtﬁl prelser}ﬁ \j.\;gt,hi n_a_phg[%%!g@%btfﬁgf m %ngoﬁrsﬁmg
conprising an antagomi St B §2¥ Bépindifided byadensiiy thelildivieeaRs Hevar
defined in cltkd productiandf suchhiaryl ically acceptable carrier or diluent.
13. A use of -claim1l wherein the agént is present within a conposition for

‘tolerising an individual to a gliadin protein to suppress the production of

a Tcell or 1anti Vel o an agent as defined in claim1. 14. An
agent. as defi nedbf)% cl ai %ﬁﬁ)&%‘% oy eiwt]i“%s‘%léﬁgﬂi’l@ﬁtwﬂ‘heﬂtrmptbi,er, for

use in a net A¥hdfcallreeeplorgemenipesaeniohng deB8bd RG1.Hins tolerising T
“cell's which jsl8RAGRLSE 2 gnqgﬁng. g,5 pecenber 2006 4 2%%@“%# SSH{Hfoni st of
a T cell which has a T cert veftptdelidatganmiensurhiail célhieverior. optional Iy in
association wth a carrier, for use in a nethod of treating or preventing

coeliac disegse b t agoni si ng 'such T cells.
- - ‘Xn%gen?gs degneg in claim 1 or an antagonist as defined in claim 12,

19. A pharmaceutical composition comprising an agent as defined in claim 1 or

an antagonist as defined in claim 12 and a pharmaceutically accepfable carrier or
diluent,

20. 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
N - ‘ ? -3
composition comprises an agent as defined in claim 1.

2L

. A composition for antagonising a T cell response to an agent as defined in
-claim 1, which composition comprises an antagonist as defined in claim 12,
22,

.A mutant gliadin protein whose wild-type sequence can be modified by a
transglutaminase to a sequence which is an agent as defined in claim 1, which mutant
gliadin protein comprises a mutation which prevents its modification by a
transglutaminase to a sequence which is an agent as defined in claim 1; or a fragment

of sqch a mutant gliadin protein which is at least 15 amino acids long and which

comprises the mutation.



16. An agent as defined in claim1 or an anal ogue that phads. a0 -apki body
that - binds to an epitope of an agent as defined in clarm or use in a
nmet hod of treating or preventing coeliac disease in an individual by
tolerising the individual to prevent the production of such an anti body.
17. A protein that conprises a sequence which is able to bind to a T cell
receptor, which T cell receptor recogni ses an agent as defined in claim1,
and which sequence is able to cause antagonismof a T cell that carries
such a T cell receptor. 18. An agent as defined in claim1 or an antagoni st
as defined iB3cl ahpolvhuclkSideAhRRBMPARSE Y b i tion .conprising an
agent as defined i nrp cylalai m 1 or Qg]!ri;l ant gtgg%?éts&@gp%z %‘ﬁ‘é‘é’df*%ggff’%?mﬁflz and a
phar maceut i c §rEPe ag defingdinclainy 32 enrl7or  dil uent. 20. A conposition 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 claim1l1, which
conposi ti'on Zbnprigelynadeatieniccadinged £1aR623 thatA®iiBnhily 2mprieSQIPQSi tion for
ant agoni si ngm%re-l;eglﬁjitlo response to fﬂg&g{gnt as defined in clarm1, which
conposi ti on ConprrsagaIsHeEpsTably torthe eeding segpesiopn witich Rgulatarsnut ant
gliadin protsinesbone cupdbll dixBeHE BHERsEH oMo BOMME LEfloRY iRt cal.

transgl utam nase to a sequence which is an agent as defined in cf‘al m1,
which nmutant gliadin protein conprises a nutation which prevents its

nodi ficatiomnsdy aa pblymis 'ﬁﬁaéi‘tt . nce whi iS an agent as
defined in claim 1? or aa#f#ggér?gnt : ng%ggg%q%}é?ﬁﬁ a tre%ﬁ"fq isﬁq‘ﬁf“if'g in which
i's at |east dOVaKpFrssiar phthe coding seyuendeiin b prokenpfic semambaliséat i on. 5
Decenber 2006 121 23. A polynucl eotide that conprises a codi ng sequence
that eéncodes a protein or fragnment as defined in claim22 or 17. 24. A

- pol ynucl eot i2§e adcpelgiunieotide atcaiding® anhohe afidhitis@3ah by whHRHRS h $650.00€ Or
“nmore regul at AL SSoHe Ces %gerabl y linked to the codi ng sequence, which
regul atory ‘sequences e Y?ﬁﬁ’ffe of securing the expression of the coding
sequence in a cell. 25. A polynucl eotide according to claim 24 wherein the
regul atory guence(.s al ] ow expression of the coding sequence in a

~ prokaryoti c_agr n&rﬁ?&l‘%’%’“&’é‘gIa.Pob’GF‘ClﬂPth’ﬁlafﬂe@eédniameomtcf@ﬂaﬁng3 too2Gey one of
claim 23 { oilh bbbt infnsforiied with sath a Willfldidefgd n the form of avector. 27,

A cell conprising a polynucl eotide as de ined | any one of clainms 23 to 26 .
or which has been transforned with such a pol ynucl eotide. 28. A cell
accordi ng togcl apmeR acddpiinh td Sai ic,cell or.a mamalian cell. 29.
A mammal t hat expresse(\é&ﬁglﬁ t‘%:e?llﬁg?iegé%%g%g@k%ﬁ%%e&l TR %Wﬁl?af.ceﬁ-

29. A mammal that expresses a T cell receptor as defined in claim 1.

30. A method of diagnosing coeliac disease, or susceptibility to coeliac disease,
i an individual comprising;
(a) contacting a sample from the host with at least one agent selected from

(i} a peptide comprising at least one epitope comprising a sequence
selected from the group consisting of: SEQ ID NO:22 and
transglutammase—deanlidated SEQ ID NOS:19-21, 31-36, 39-44, and
46, and equivalents thereof: and
(ii} an analogue of (i) which is capable of being recognised by a T cell

receptor that recognises the epitope of (i) and which is not more than

50 amino acids in length; and



30. A nethod of diagnosing coeliac disease, or susceptqﬁbédgﬁbepgogpel|ac

* disease, in an individual conprising: (a) contacting a sanple fromthe
host with at |east one agent selected from (i) a peptide conprising at

| east one epitope conprising a sequence selected fromthe group consisting
of . SEQ I D NO 22 and transgl ut ammase- deani dated SEQ | D NOS: 19-21, 31- 36,
39-44, and 46, and equival ents therqu and (ii) an anal ogue of (i) which

i s capabl e of being recognised by a T ceII recept or that recognises t he
epitope of (i) and which is not nore than 50 am no s in éa and 5
Decenber 2006 122 (iii) (@ptaptiapallyyn additendpicagents ﬁﬁ i&éﬂﬂ‘ t2d from

Sequence.  sbi ected rom Jeae Rplif ot ERSbndARoFPLIABRICRRIAEIEN B,
whether T cells in the sadéwc@dlﬁmogmmlﬂos hgﬁm,andrecognltl on by the T

cells indicating that the individual has is s ti bl coel i ac
di sease. 31. Usébloletermining i vitre vehetherd pell ﬁ“bqhﬁf’?ﬁ‘ W‘% g’epﬂg‘-? bration of

2 i agnost o AR e Mo RBIR DA nd VAR S BRisCaRlpABIdibsease. - or

isease;’-1n an |n VI sai d net hod
_conpri si ng &eligs dik@iseg whether T cells of the- |nd|V|duaI recogni se the
agent, recognition by the T cells indicating that the individual has, or
is susceptible to, coeliac disease. 32. A nethod or use according to claim

30 or 31 V‘@f"re' 't%ehﬁaﬁ%@%ﬁta!sﬂe 'ﬂ%'lzﬂﬁﬁﬁ) fo("tﬂéﬂreﬁﬂﬂhtfdhmagr&ﬁﬁc(l) or

(1) bound; nmol ecul e, fragment of HLA ol ecul e
capabl e of ntwmifonglsé ina metlJ(OdIO)Fdlagﬂosmg mlm@wmgwlﬁ%)@bdltﬁgo £QFIRF aj m 32

wherein the, HLAm)IecJeo r c r HLA

mol ecul es grasnipdn iR bsntd R boroftilly SRR LAY SURRELT T4,
- or 33 merﬁi&vlﬁbﬁr@&%ﬂseltﬁe@;ﬁﬁ a&iognft@lhﬁgﬂhag‘ceﬁsimdmaﬂngﬂmdtheo the skin of
an individual and wherein the, rret hod detects the presence of inflammation

at the sitndividaalhas,ords suscemibla teecordae 815€855- of i nfl anmati on i ndi cati ng
that the T cells of the individual recognise the agent. 35. A nethod
according to claim30, 32 or 33 wherein the sanple is blood sanple. 36. A
met hod accazdi ngunmm&aormseaecowpgm drira 50 \wn 31 avhereimthepgenl is an Apgoger

resti mJI at ég) {erluc nt i en s {ﬂ)%ounr?&tefa)'arﬁmrn%lgﬁﬁé) ?(ﬁ)fheﬁéghgntofan

determ ni-n
- HLA molecule capable of bmdmg @) or (u)

33. A method or use according to claim 32 wherein the HLA molecule or
fragment is in a complex comprising four HLA molecules or fragments of HLA

nolecules.

34.  Use according to claim 31, 32 or 33 wherein the agent is suitable for being
administered to the skin of an individual and wherein the method detects the
presence of inflammation at the site of administration, the detection of inflammation

indicating that the T cells of the individual recognise the agent.

35 A method according to claim 30, 32 or 33 wherein the sample is blood

-sample.

36 A method according to claim 30, 32,33 or 35 wherein the T cells are not -

restimulated in antigen specific manner in vitro before the said determining.



5 Decenber 2006 123 37. A nethod or use according to b 30- 36
in which the recognition of the agent by the T cells ?gyeetefﬁ?ﬁggsby
‘detecting the secretion of a cytokine from the T cells. 38. A nethod or
use according to claim37 in which the cytokine is IFNy. 39. A nethod or
use according to claim37 or claim38 in which the cytokine is detected by
allowing the cytokine to bind to an i mobilised anti body specific to the
cytokine and then detecting the presengg of the antibody/cytokine conplex.
40. A nethod or use according to any one of clains 30 to 36 wherein said

determ ni ng i7s done by neasuring. whet her the agent binds the T cell
receptor. 43/ A fe dpppseiagentiing o Ay e chavas 39d8 imyhightheteepanifiocany one of
cl ai nms 30, inSt ToT=CNEIE Ay R aTo ¥ . ' e. subst ance

i s recogni s’gd g)‘e}éenﬁ%ﬁ%ﬁ féﬂ?'ié}%lgt or th {& %@%ﬁu@&ﬁ%%ﬁfgﬁ%S@%&%@% %‘%ﬁpri si ng
sequence asth@dfé¢alled in claim30, recognition of the substance indicating
that the substance is an anal ogue. 42. A nethod of diagnosing coeliac

di sease, or_gusceptihility to coeliac disease, in  an individual conprising
det er ni ni ng3§ gﬁ"é‘? deordise arcardingfoplaimndy imwhish the cytekingds IBNer. of an

epi tope conprising sequence as defined in claim30 in a sanple from the

i ndi vi dual , 34 he R@Ar hedaptd ¥ pdlisat 4 i.ndi.vi dual
has, or is 3gs'uscpe\pltﬁfi§tgdlg}g&:t%,% a%&(}g?liﬂggd ?geéysg&l%%jg;&n@?ﬁgﬁggﬁwg{eﬁggm ni ng
whet her a cénipsied by dipwing e saiokine 66 bind te amignrudalised entilttidy epevificorthe | si ng
determnin B»QSIJ 1 I bei.n if.ied by a

t ransgl ut ag’lc nas eé]ﬁ;i tg%‘p‘?ﬁq‘%“g%%é&m@ engee%%%%nélbg‘%ﬂ%g?l?ﬁ%%m?‘ﬁm& laim30 is
present in the conposition, the presence of the protein indicating that

t he conposi40.-on Agnethgsladyluse afcordig roiang onoel dlams 80 seHceherdid said net hod

according t I- i n.the said deter ing,i s done by contacting
the comosifﬁt%%%ﬂ%ﬁ%%eeéﬁ Fscg)‘lﬂf}ggv 8@‘?? %ageg‘}{’l‘flﬁ%h%z&ﬁgﬁ%’gp ichis 5
Decenber 2006 124 capable of being nodified to the oligopeptide sequence,
bi ndi ng of 4lhe afmdtlpwl/fot weatifyingtani analogue 4shiefisanpany bhosf d&igisGof i ng t he

conposi tion,4 s .Gapabl.e of causing coeliac disease. 45. Use of a therapeutic
agent in tgkeé Orﬁiﬁtfg aetire dS'iemém’r’f@g’?’l?:egl?Féﬁtca'f t?)?@é@ﬁ‘fel 13 geeppnisediyat i ng
coel i ac di seRséll iaveraor thitdbavpdised atéROPO safprsnd RYhdide adderBl Y Suscepti bl e
to, coeli a-(f .di sease, .wherejin said individual has been diagnosed either i)
by a net hod FoAgpitien,ofths suhstamee gidiqafing Bt g sibiapceialy an agent as
defined in @hppAd. 1 and determning in vivo whether T cells in the

i ndi vi dual recogni se the agent, recognition of the agent indicating that

42. A method of diagnosing coeliac disease, or susceptibility to coeliac disease, in
an individual comprising determining the presence of an antibody that binds to an
epitope of an epitope comprising sequence as defined in claim 30 in a sample from
‘the individual, the presence of the antibody indicating that the individual has, or is

susceptible to, coeliac disease.

43 A method of determining whether a composition is capable of causing coeliac
o djsease comprising determi_nin_g whether a protein capable of being modified by a
transglutaminase to an oligopeptide sequencé as defined in claim 30 is preseiit in the
composition, the presence of the protein indicating that the composition is capable of

causing coeliac disease.

44, A method according to claim 43wherein the said determining is done by
~ contacting the composition with an antibody specific for the sequence which is



the individual has or is susceptible to coeliac di sease pdfmfar3Bhdr0d of
identifying an antagonist of a T cell, which T cell recognises an agent as
defined in claim1, conprising contacting a candi date substance with the T
cell and detecting whether the substance causes a decrease in the ability
of the T cell to undergo an antigen specific response, the detecting of
any such decrease in said ability indicating that the substance is an
antagoni st 47. A kit for carrying out aimethod or use according to any one
of claims 30 to 40 conprising an agent as defined in claim30, 32 or 33

and a means tcapaR{of6éing PRAIBERIN JiQRoti eptide by the T cell, 48. A
kit according to claim47 wherein ﬂ?ﬂ%pt#‘é}asﬁ@grt%g&d’g%%(&ﬂ?%%Wﬁ‘bWOf@’éS‘rrpri ses
an anti body 115 FerRpasition qndicating the cooposidiimigedpabled thamsingRoubie dRERe t he ant i body
is imobilised on a solid support and optionally the kit also conprises a
means to detast thg amglggﬁg(,ﬁ& : I 50. The agent or antagoni st as
defined in claim 186.or awld fE ptedglg%%%%%”ggf W&%ﬂﬁftﬁrpre‘ream-ozz to
produce an a-W%WI%@Wmanbldhfhhﬂa@mmdMiaaiﬂg,rﬂrsémg)gus%ﬁgegoype
sequence. 51goctisedishs th.0n . n epi tgpe of “a gljadin protein, which
epi tope is agoedefi ned’ Pén%%ls%?"ml ,"%tr}’@sgﬁﬂﬁgﬁ@éeq%&alhﬂqmifﬁﬁam@gl i adi n
protein to clnraimdBediiby aimisaktng MAgerdval Rffcddh chBe Nid dlelfina R 26

i s therapeut) | i,ac_di.sease conprising admnistering &7CANdi dat e
subst ance t o‘!ﬂgeﬂflrfcg %ﬁselgsﬂ%dgﬂpﬁ@rw Hepeont regppaitionnf e agent indiviatiry tha

suscepti bl e thoindvalmi las ofls s@agabR RfodRicAsalRi Ng whet her 5 Decenber 2006
- 125 substance prevents or treats coeliac disease in the nmammal, the
prevention g treat t .of coeliac disease indicating that the substance
is a ther ape‘ﬁsti c %F&%@Pfﬁewn%%%&g%ﬂﬁﬁEC@LMEmﬂmmiﬂ@dnti n the
met hod of claideisa if @4imIs Corhgtisthe BRLAR b DG 0r, Lreating coeliac
di sease. 54. cell g}ccordid[rilgyh tg cl ai méi%%\(lj\%gtgﬁ'ﬂ)ﬁ%mé’q? qlef)f’e ram naceous
monocot yl eddjﬁéﬁ@gs"ﬁg cEde sustangs cases a dectoasedn th aliitity of ti M oMisHo ks a cel |

of wheat, Mahd@n seRiRr IthS StoctRALH piticale,. saorghum or. sugar
cane. 56. A pr ocegbg 1 pﬁdﬁ?l?\sg’_ pr oﬁugl?%ﬁr?g%?cgdﬁ%feéf‘ﬁa“éﬂﬁl&}é{é‘ﬂh"é‘}ﬂﬁh@pdi ng
sequence as cubsteelisian aptaganrst. 23 whi ch process conprises: (a) cultivating a
cell according to any one of clains 27, 28, 54 or 55 wunder conditions that

al l ow t he eXpresg gy i.n; and optionally (b) recovering the
expressed protejn. 5?? Ajﬁtoﬁgﬁ&%ﬁo‘%’t‘lﬁ? ?’ff‘ﬁé‘“&t"t%ﬁ%@f)ﬁi@%ﬁ%ﬁﬁocel I

conpr i si ng: “YBhrismEAnsget ol defjned ip haint 30; 02 br 38l a rekiRG BbtocHE Wcfhdighnt © C! @i m
26 to give afdlepepﬁdebymerceu. '

erggu.ct whi ch

| 48. Akit according to claim 47 wherein the means to detect recoglﬂﬁon comprises an
antibody to [FN-y.

49.  Akit according to claim 48 wherein the antibody is immobilised on a solid support
- and optionally the kit also comprises a means to detect the antibody/IFN- y complex.

50. ‘ The agent or antagonist as defined in claim 18 or a wild type sequence as defined in
- claim 22 to produce an antibody specific to the agent, antagonist or wild type sequence.

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

in claim 30, to decrease the ability of the gliadin protein to cause coeliac disease.

52. _ M@thod of identifying a product which is therapeutic for coeliac disease comprising
administering a candidate substance to a mammal as defined in claim 29 which has, or
which is susceptible to, coeliac disease and determining whether | | '



transgenic plant cell. 58. A nethod of obtaining a firsipOengpbbed
transgenic plant conprising: (a) regenerating a transgenic plant cel
transfornmed with a vector according to claim?26 to give a transgenic
ptant. 59. A nethod of obtaining a transgenic plant seed conprising: 5
Decenber 2006 126 (a) obtaining a transgenic seed froma transgenic plant
obt ai nabl e by step (a) of claim58. 60. A nethod of obtaining a transgenic
progeny plant conprising obtaining a ggcond-generation transgenic progeny
plant froma first-generation transgenic plant obtainable by a nethod
according to claim58, and optionally obtaining transgenic plants of one
or nore furtHEMAYEETERIS SR Fredts epplinn disease snlie gummnali thoprepemigawy pl ant  t hus
obtai ned. 6 Ac&oLdl ng: W=\ L §i.ng: aining a
transgenic ﬁggﬁngﬁgﬁ?%hgfggﬁgéggggggﬁgﬁnﬁég%?g%%ﬁébgk%%?ﬂkgﬁ?gﬁ%able by the
met hod according to claim59, then obtaining a second-generation

transgeni c oge | ant. fromthe.tr.an i c seed; .and/.0 h) propagating
clonally a ? ?‘r st %%l%g %l{tﬁcgﬁo‘{&]?taaﬁé%eé‘hﬁgfﬁetﬁ%FeMQf‘hlﬁ‘méz%{/“‘get‘%:lé‘ net hod
accordi ng t fhethodiofpieritihg@r HeatthpT08ROdi@REr ati on progeny plant; and/ or

(c) crossing a first-generation transgenic plant obtainable by a nethod
according to claim58 wth another plant to give a second-generation )
progeny plapi;  AniRLH@RR! Naiaf)7 RIRINL B $fARSERRLGHUPT 0geny plants of

one or nore further generations fromthe second-generation progeny plant =
t hus obt ai n&wnogityledonopaspegisni ¢ pl ant cell, plant, plant seed or progeny ..
‘plant obtainable by a nethod according to any one of clains 57 to 61. 63. *7
A transgenic plant or plant seed conprising plant cells according to claim
54 or 55. B. AAtqeHsepeding tptlaint S4ehich dad dalisofodrept, naizegoand, apd, ricg| | s
~according t I 54 5 obt ai nable froma transgenic plant cell

fi rst-gener%ﬁ% %@F%ﬁt&gphl“%h?rsg EF0F progeny as defined in any one of
clainms 54, 55, or 57 to 61. 5 Decenber 2006 127 65. A plant or callus

according t 5. any}Sxoprr]'c?ce(s?éc fof Ith(flaI prrrgduggorg gf a%f'ro‘t’é:ki}{ gnb:oglesd I%f a éioding sequence as

. defined in claim 23 which process comprises:
(a) cultivating a cell according to any one of claims 27, 28, 54 or 55
under conditions that allow the expression of the protein; and optionally

(b)  recovering the expressed protein.

57. A method of obtaining a transgenic plant cell comprising:

(a) transforming a platit cell with a vector according to claim 26 to give a

transgenic plant cell.
58. A method of obtaining a first-generation transgenic plant corprising:
' (a) regenerating a transgenic plant cell transformed with a vector

according to claim 26 to give a transgenic plant.

59, A method of obtaining a transgenic plant seed comprising:



species as defined in claim54 or 55. 66. A nethod of abpaidhid 2BpE' OP
product conprising harvesting a crop product froma plant according to any
one of clainms 63 to 65 and optionally further processing the harvested
pfoduct. 67. A nethod according to claim®66 wherein the plant is a wheat

pl ant and the harvested crop product is grain; optionally further
processed into flour or another grain product. 68. A crop product
obt ai nabl e by a nethod according to clajm 66 or 67. 69. A food that
conprises a protein as defined in claim17 or 22. 70. A food according to

claim69 in which a protein as defined jn claim17 or 22 is used instead
of wild-type gli ad@n. obtaining a transgenic seed from a transgenic plant obtainable by step

(a) of claim 58.

60. A method of obtaining a transgeni_d progeny plant comprising obtaining a

second-generation transgenic progeny plant from a first-generation transgenic plant
" obtainable by a method according to claim 58, and optionally obtaining transgenic

plants of one or more further generations from the second-generation progeny plé.nt

-thus obtained.

ol. A method according to claim 60 comprising:

(8}  obtaining a transgenic seed from a first-generation transgenic plant
obtainable by the method according to claim 59, then obtaining a second-generation
iransgenic'pro geny plant from the transgenic seed; '

and/or

(b)  propagating clonally a first-generation transgenic plant obtainable by
the method according to claim 58 to give a second-generation progeny plant;

and/or :

(©)  crossing a first-generation transgenic plant obtainable by a method
‘according to claim 58 with another plant to give a second-generation progeny plant;

and optionally

(d)  obtaining ttatisgenic progeny plants of one or more further

~ generations from the second-generation progeny plant thus obtained.

62. - A transgenic plant cell, plant, plant seed or progeny plant obtainable by a

method according to any one of claims 57 to 61.

- 63, A transgenic plant or plant seed comprising plant cells according to claim 54
or 55.
~ 64. . A transgenic plant cell callus comprising plant cells according to claim 54 or

' 55 obtainable from a transgenic plant celi, first-generation plant, plant seed or -

“progeny as defined in any one of claims 54, 55, or 57 to 61.
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65. A plant or callus according to any one of claims 62 to 64 which is of a

species as defined in claim 54 or 55.

66. A method of obtaining a crop product comprising harvesting a crop product
from a plant according to any one of claims 63 to 65 and optionally further

processing the harvested product.

67. A method according to claim 66 wherein the plant is a wheat plant and the
harvested crop product is grain; optionally further processed into flour or another

grain product.
68. A crop product obtainable by a method according to claim 66 or 67.
69. A food that comprises a protein as defined in claim 17 or 22.

70. . A food according to claim 69 in which a protein as defined in claim 17 or 22

- 1s used instead of wild-type gliadin.



