WO 2010/ 089554PCT/ GB2010/ 000198 1 GRASS PEPTI DES FOR VACCI NE | ncor por ati ng
by Reference The contents of the followng priority applications are

i ncor por aveaob/dsessei n by reference: United Ki ngdom Pat eRrCTAR2Di0c@bi98N No.
0901928.2 filed 5 February 2009, United Kingdom Patent Application No.
0901927.4 filed 5 February 2009, United Kingdom Patent Application No.
0912578.2 filed 20 July 2009, International Patent Application No.

PCT/ GB09/ 01995 filed 14 August 2009 and United Ki ngdom Patent Application
No. 0917871.6 filed 12 Cctober 2009, 10 Field of the Invention The
present invention rel ates tGRASRPENTIDERFARNVACE@NENti ng or treating
allergy to grass. Background of the Invention T-cell antigen recognition
re-quires antigen presenting cells (APCs) to present 15 antigen

fragment s" (IH%&_)' pl,gﬁ)% &ERgmgﬁcecel | surface in association with nolecul es of
the major Nrstoconpatibiltty caonplex (MHC). T cells use their antigen
specific T-cell recepthgrcentemsrs the follpwinggriosisy epplisatens age incpiagatett s
present e the ARC.  Such.r N ti C . i ' { Mmune
system tég %ﬁﬁé‘%ﬁ’( Eefge?%ngqltSEfér%&dﬁén n}gée}grﬁt%)spéfr%g%& clg{)'e@ﬁgzéi%tﬁ ﬁéc}gén whi ch has
been recogFebrdry 2WBeUaged Kirmpdonf Pt pphikativit Ng 9919374 fited TFebreargy st em of
an organi sm such as man, can in sone case i seases, known as

s result ind
at opi ¢ cond0P9.diritedKiagdnma datont Appliqation No. 8 25/8 et &0 dply 28P%eases
i ncl udi ng ' Eomt i @qgl(a ' RIAL §S group of
di seases, ?ﬁ%%ﬁﬂ%ag%%ggégﬁé%%gwﬁtp I bo Iﬁg%/@g%bﬁ%ﬁ |13é4‘1(§§ <§;1tsésdo(9 itaﬁahumans)
whi ch bi nd Unitediiagdom BeatentvApplanationNos09 WSt fdedl12 OcwbeeZD0®5 to in this
context_ as allergens since these nolecules elicit an allergic response.
Pr oduct 1®n M%&ﬁ-@ﬁﬂ‘%ci fic IgE i s dependent upon T |ynphocytes which
are al so activatgd paeh@EhGertRAGhhics td &mpdsitfond fberedmtinfot Geafiy speci fic
| gE anti bodies bind to the. surface of ceﬁ)l s such ‘as basophils and nast
cel | s by viallengy tograshie expression by these cells of surface receptors for
| gE. 30Cr ossl 'knki n fhs rface bound | gE nol ecul es by allergen results in
degr anul at i%#—“ﬂ%e@é—%!?—e@?—'@w eSSt A2 --gel | s causing rel ease of inflammtory
medi at ors such ascd)i &itipeh Revoghitibi déquires Jptigenippaeatig dellpi(APCRogtresest such as
t he SUBSTI TUTE SHEE‘FfQBQLE_ZG% WO 2010/ 089554PCT/ 68201%300198 2
sul phi db} ewrbeen Greaenty (heptidas) pr theirsell girfagsya sawstation erithamolegplesolihg) | er gi ¢

Iy

di seases s g@@gﬁ%ﬁﬂﬁ@ﬁ%@ﬂ&%ﬂbi oMY ubOffelr AAEREG B AVES S-

Al lergic | ses are currently treated Wth agents which
provi de synpieptoas (ECRS)Ito edcognispthe\antipérfiagrioranpiesantaf bysthe AR{gSck are anti -
5 histam nes, 02 agonists, and-~glucocorticosteroids. In adogj tion zorre

| gE- nedi at SECAENLIORASS a5 Adligge dp Big RIS SEMET P SERGTRYS 2 PRRH PRSI HRAY

i nvol ve t he REEHOMk Gnli MreGhicR RaPbeehlrb&glRBA CONPONENt s or extracts. .
Desensitisation treatnents may induce an | gG response that conpetes with

| gE f or 2@l | er gerRecognitibe9f erdgrnplantigenssineidi inmuse pystes ©6an Jrg8eisis t hat bl ock
the synthesis of IgE directed against allerg Thi ar . t r eat ment
is not al vvaf)‘}gh %sf?lg’gtcla{}én UL f)agggrses qglen d;j}lsesag % Opvy%ggo Pé}lg cg}tla(ﬂl%%ssq si de
effects, paahpidsarthie gaaairatheanianhiy lidedsesingludirg astimas awpic deembtitial unl ess
recogni sed i medi ately and treated wiith adrenaline. A ther apegt%c t [ eat ment
that woul d and@Hergicarhgitie| Inthisgreun ofdisrasesnB dynBhcyiesigenerAmARELPUEInse to a
particul ar G A ) BEHRE ah68Gh! Whic of reRimr
foreign antt%@agig ({n\rq} gge?f%vglcgﬁ)q%qq%etérg?y 5 response’ \lyltlself v?/oul d be of
great b2heftotin this @nkext gs alldargahissinda dhiese molecules Ehiais sn alldrgicgesponsg. e

uni versal ly recogni sed as a ngj cayse of allergic diseases jn humans and
animal's, i rﬁfP&ﬁ“ﬁ@ Oigﬁﬂﬁg‘,'s%ﬂc%%ﬁds H?ﬁeﬁ fqté‘pﬁ?]équg?%%‘? V@Hflﬁﬁrteia{lj Os.

Prot ei ns pregeftd w@é dreifRobobafe aM& ghAliepgdnddplyific TPR kh@diesfanid ®xanpl e,
approxi mately 90%of hayfever 'sufferers are allergic to grass pollen.

Hayf ever i she husfaze of eetisnch as baspplilseanfionast edllsdwasdwae! the Eeprgssiamiy act eri sed

by sneezin run ose and itchin yes. The term "hayfever" arose because
this form gPesglcFé%l%ﬁqS@r%fes%eggpetOfssorn%s' preval ent during "haying season",

whi ch cegr espondSrobgdinking dflsorede boand egts moleehiles by villergas saalts ishen gr ass

pl ants rel ease the highest quantities of pollen. It is particul arl

preval ent idegegristien O?ShﬁﬁQ:%f%chrfcﬁgﬁ?acqﬁ@géﬁ]&a%fOfN&f}m?‘Batpﬁéméﬂ‘&t%? S‘%‘(ﬁgust 25
(in the Nor Heng . Iy, . I ted that for adults
in the Uni taézl%é%]gliﬂg’rs? ﬁﬁ%?%et?mlms? T é&%ﬁé?lgg)g?%%ﬁgﬁwoeﬁi c disease and a
maj or cause of work absenteeism resulting in nearly 4 mllion m ssed or

| ost workdays each year, resulting in a total cost of nore than $700
mllion in total |ost prsuBSTTUTEWHENET @UlLiEE26)are al so the nost frequently
reported 30 chronic condition in children, limting activities for nore
than 40% of them Each year, allergies account for nore than 17 mllion
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visits. A therapeutic or preventative treatnent would therefore be of
great benefit to humans that suffer or are at risk of suffering from grass
al l'ergy. W RIeLy the Invention 5Gass pollen all erg§P§/(ﬁ{2§10t/(}\65)j9§al |y
classified into groups, with nost species expressing at |[east one pollen
allergen in each group. Exanpl es of grozups i nclude: the Goup 1 grass
pollen allergens, which include, for exanple, the proteins Lol p 1 from Rye
grass (Lolium perenne) and Phl p 1 from Ti nothy grass (Phleum pratense);
and 10the Group 5 grass pollen allergens, which include, for exanple, the
proteins L@hpRidefeuRbiiched. IPadiitid RMoRURperdieht évehtsf é@mminTalleptio\iseastd Cyn d 5
from Bernuda grass (Cynodon dactylon). The present inventors have

di scover ed su¢tnas asthmairg chapetedsedihydghdndepe ety rom t he maj or al | ergens
in the pollens of;,9r- ' . ' ' esensitising
{ ndi vi dual s to HIZEE PR HEdacPilite %%‘g%{t%te\ééegﬁ‘ﬁwng%‘%n%n‘it%S t he

i nvention hayddbseiptombeciotidl dopretdntion. BRampley of suchiagehts areramtiy MHC Cl ass | |
nol ecul es, and cause T cell proliferation with mniml histamne rel ease.

The conpbsihistapines, Baganists, andsgluencerticasteroigsm n addigaa, smelgE-mediaed i on may
he < ' : >~ ves . ) :
orase byt s St Ol ASIGURGE ol Lo PEEVENHL e Ble deibBtc ififefiyd T ) | 2
cl ass || - biofidileigerd coripdneaidr @Rezacts. NDedegsitisision afeatntentd hay mdaoaky G t o

predi ct peptide-VHC interactions and MHC cl %gs | 1 .bi ndi ngc.ﬁssa S.
Addi ti onal TE{PPRIEA! spEmmstes 1 ke fetalisgedho AbY wayp%%{qe&e 1 ﬁ&*f%@f‘&ﬁf?fd_e

conbi nat | ORs i tltﬁﬂ%ldcﬁ\fﬁé"%}n%sw o} WG] agaflsERlEEe? ThiserRdg! S Of in
vitro T cell response assays. 25The peptide conbinations of the invention,
however 10 prxeainget & tit abehys effectageand fposdsfthe dglyofgreyvokingsdrioma sidp effedtat i on by
targeting nultiple differen C nol ecul.es. A vaccine fornmul ated with

pept i des ofPafHfd %rlﬁ\géﬁ?rﬁgwaﬂbﬂ%@wt ﬁ%g?léﬁg‘ﬂsecaﬁal{?efatﬁf Wlgss e ?qgn{s§&

The i nvent Gpned 1Y ahdedtb®dithadraRgRid. AetheRpbitRatdaahent thidt vdulddcpdasowi ng 30
characteristics: - the conbination binds to many different MHC ( ass |1

nol ecul es -orehwminagmibie nawanted gllengic-wmwnerresnanse 3 partieklaronlergenc yithowine

rel ease in _grass P 0 I G1.lydi vi dual s

€ e peopt iitEg e RS Mty €y BRIt e BBl ek

r el easels Thespogd itsdlf wauldbe af gremsbenctit toallegicidividiaisan ext ensi ve anal ysi s
of grass epitope_sequences to identify core peptides havi nggparti cularly
good MHC bi ndi p&lﬁsspafllﬁfﬁlnﬁ PRESIIAYRESA FeeeRised G%%H’i%’é cavssrafplereio grass

al 1 ergi ¢ 1 U2 himaddihaCATRNOGhUGRAG BaKnG ONRELS nifitfk Gh8 ailrgldf €€ such -
pepti des, one of eac el ng sel ected f%omthe nost preval ent grasses,

Ti not hy, Peleanatitisl PRyteinapdesBatrimgaias pdllen are pivitinelaily mepentant.c bopexagwlea core of
four such peptides, ¢h of these peptides, being sel ected from peptides
shown to bé‘pg%?ﬂlp?:tﬁlly??)l)goglﬁy EF @‘éf?irgrs @B%%leﬁ%{f foggraaﬁ_ I?‘ﬁfefo _}%ﬁeﬁ'e ot ﬁléer .

Provi di pg &ofRidh BFR ¥t LforRPtéddesal allerghichai®BAKI, byl sheéAil, R@nrsy i8E € gr oup

of polypeptides representing the three nost prevalent grasses, preferably a
core group afl itthing eyes. hbe teray ‘thexfexer” arosaibesarsathiporynd glpigicsdisease e sane

conposi tion_prQvi vard et. - i Rdi j , : plds in

- edundancy P B4 R dirtnaSibe el O RS SRR AR R LR "
core group mdnytdigssed) wehiehigtuss pRinefreleadel thie higtiest quantivies ofipbtient dnis i ndi vi dual
Fesponae PRSI G PR GY drom e SN odie S g
recrui tggnt(%g@qo%g&q{élﬁg?ﬁgg{ T cell specificities for induction of

t ol er ance. a conposi "of the invention has benefici al additive
effects over 20 Iubas lebn saloglhted plodt Yoregotultsiasthe Tnited Stagest baydeveavethalSdp shown
t hat conpositjons of. the inventian were abl 0 provide extrenel i gh
cover age oﬁeaéh‘iﬁ)‘a}fﬂ’b‘f: Sﬁfﬁseﬁn HYBLTUSE ?tg‘ﬁ(_’%satbﬁg‘_g%ebﬁné’de _é%%/'tndigﬁﬁ%n o
responses. million mAS&PsAbRANIkddyRRadd ?e"a?,%sdlﬁﬂ/%eiﬁita! t9Al B6s%T Aofe thak MBS ti on
suitable for use in preventing or treating allergy to grass pollen by

t ol eri sat i onillbamiprtptal logt praductivity. Adlgrgiesarealse thermaogs dregpenstyi rapertei n07B
Kl PAGE | | DA Tim. . 10B (KYTVEEFALKKAI T, o 11 A
WG VIR B BRI o i chikiscA ARG RS To5 plofé WEsgodbTheR ach .

year, allergies account for more than 17 million outpatient office visits in the United

States; seasonal allergies such as hayfever account for more than half of these allergy



(b) at |east one of the polypeptides Ber01l ( SGKAFGAMAKKGQED), Ber 02

(FI PMKSSWGA) , Ber 02C ( KSSWEAI WRI DPI CKPLK) and Ber 02B 30 KDSDEFI PVKSSWGAI VR
or a varigpt thereof; and (c) at |east one of t ides

Bi 004A (L‘&WK@EK) , Rye09B ( PEVKYAVFEAALTKAI T), Bi Oggxﬂﬁﬂzﬁfbﬁ%b@

( KYDAYVATLTEALR), WD 2010/ 089554PCT/ GS2010/ 000198 5 Bi 003A

( KFI PTLVAAVKQAYAAKQ), Rye 08A ( ETYKFI PSLEAAVKQAY), Rye 05C

( NAGFKAAVAAAANAPPK) , or a variant of any thereof, wherein said variant is:
) a longer polypeptide of up to 30 amno acids in length which 5 conprises
t he sequenggiwf the correspondi ng pol ypeptide specified in (a), (b) or (c),
O 1) a polypeptide of 9 to 30 amno acids in |ength which conprises
a sequence t hat ABSTaREUtiCRIFICEHAIE HESRHHAL W@uldﬁhe@@(ﬁ%uh‘l’ﬂeg%ﬁt hegefit to
correspondi i Lf i ), which sequence is
capabl e of hpgﬂagér)iu%?ﬁge g?ﬁ%ﬁﬁ&%bﬁ%ﬁeﬁig%%g} %lsp%{er eptide; or I11) a
pol ypept i dSugimhenefithe Invemntishh am no aci ds whi ch conprises a sequence of at

| east 9 contigugus amno acids of the. sequence.of the carrespondi.n

pol ypeptd de speéjrﬁ’?ség’]uf”ﬁa ARENSAL§ ty(PfcaPZ)cgsﬁiﬁe “’é‘éﬁi?é‘ﬁ%émflh‘&f’gﬁag‘“ | east
65% honol ogypletsifPhideddt ot fenAIERRA iHDLRHSIAP. TRl Sf gphlips indeguience of

at least 9 contiguous 15 am no aci ds or honol ogous sequencé is capabl e of
tol eri sing to sshaGouprlegpssmbillay abergense phichidnclyde forpxample thef proteinsr

provi des a conpQsiti sy tabl e [ use in.pr ti or. treating allergy
to grass poll en?‘ﬂ;ptlﬁoé?#gﬁtgf%ﬁ (Itogf]f‘ﬁrff??'ﬁ'be)g?gygpa%! u?méolt% g?aé%t
pol ypepti des selprig#l &,@ﬁ@emﬁa( a) Ti n07B (KI PAGELQ | DKI DA) or a vari ant

thereof; (b) Ber0Ol (S KKG(f@[{) or a_variant thereof; (c) Bio04A
( LKKAVTHNVSEAEK) thsr Gepup2y grasstpollee aliesgens; whichyaglude, ferroyrmmig-theraRimsT) or a

vari ant thereof; ﬁl}{ﬁ%ﬁ%la f 6 | ; f)Ber02C

( KSSWGAI WRI DPKKI&??(? )58 rlé&ggélaé :Szgnt thereo 8 5(%3‘“3?%3@&’ %ﬁ%@&%@YAAKQ)
or a variant th@&eeabtda gask (Wro@irodieAI¢RYDAYVATLTEALR) or a variant thereof;
wherein said variant is: ) 1), a | onger | ypepti de of to 30

ami no aci ds "ERTISEHJRYPIHHE @ﬁ""c‘é}ﬁ‘iﬂ”%egéhéﬁﬁe‘ftﬂg pggtg‘f?e%*g%&ﬁ’fs weﬂg‘r%%s pondi ng
pol ypept i densShgiol Iﬂl@rgeﬂsrin @@ pdiRné 89 gra& species are photic@laP§uée@Pid de 9 to 30

am no acids in’length which conprises a sequence that has at |east 65%
honol ogl5 t desdnsitisingiedividualf ta thesecallergenpohbié nglypsside combinations of the

2010/ 089554 PCT/.GB2010/ 00019 | . de.specified i o (h), which
sequence i énvggB%ﬁ%veo p 8%8‘%?‘?#&81@{18%;%?30 e @8%%‘?@?%@ %%%syltpl)epti de; or
1) a polypepédas, id daanoT ke® ptadifeaticirivith neiGinsts hidkisiRe eQege] The a sequence
of at |east 9 contiguous amﬁng acids of the sequence_ of the caorresponding 5
Eol ylpept i ?@O@pegwm%frqdﬁcté?‘)ecms mf,orrawlaa%%tfa%gwe@l?mzza@emfoqeé)sst f 65;%
onol ogy . a@&g ce of a

| east 9 co tr(?‘g%outgt'%r%lgﬁgglgc?r S%@ﬂﬂg%}r%{gﬂgggallgg ug Ce Pg clapa ?@ of

tol eri skhg t o sdihd peptides o drednvantion wepe pdl¢akeal asTVIElCcdagsdb-bindoresT ofll t he

invention are typically capable of tqlerising at. | ) .
epitope% Ft)hrough 1>1/se o%pz)n silico analys?s to preélctgpeptlde-i/?ﬁ& interactions and

MHOC class II binding assays. Additional epitopes were identified by homology.
Peptides and peptide combinations of the invention were further selected on the basis
of in vitro T cell response assays.

25 The peptide combinations of the invention, however, provide a broad
coverage of efficacy over the human population by targeting multiple different MHC
molecules. A vaccine formulated with peptides of the invention would therefore
have broad utility.

The inventors’ work has produced peptide combinations with the following

30 characteristics:

- the combination binds to many different MHC Class II molecules

- the combination gives significant stimulation of cytokine release in grass



10 50% or at |east 60% of a panel of grass pollen allergic individuals in

t he popul ati on and/ or conprises at | east one further polypeptide up to a
total of {gupifiRbssko! ypeptides, wherein the further pol ¥@%R$ﬂ29ﬁﬁqoﬁﬁ);
conprise a sequence having at |east 65% sequence identity to at least 9 or
nore conti guous am no acids in any of §EQ ID NGO 1 to 73 described bel ow,
and (b) are 9 to 30 amno acids in length. 15 Description of the sequences
menti oned herein SEQ ID NOS: 1 to 73 provide the pol ypeptide
sequences of the invention as set out in Tables 2 to 4. SEQID NOS: 1 to 27
correspond to peptaliesicaefividessf rom G oup 1 grass allergens. SEQ ID NCS: 28
to 73 correspond to peptides derived from20 Goup 5 allergens. Detailed

description of thethrpeptifes oh thrirembiRations donetgives gaifisaysimingaelessecan be
used in toleri {0 : td FBYn j: f%p%g ; al | ergen
descri bed r@? é’?’ﬁﬁ%er& ebﬁir/hgi?flg%?ssleggéfl her e%fe)ggﬁ%%eg%rali}%g? e SV\P ﬁ%’%di fficulty
associ at ed ssgtidncapridemife sotepegtdaiimvingpatticmtarlyggoed MHC3epdinge i nruni sat i on
lies in how to sel egt agi apgro riatg size an regi.odamgf t all ergen as the
basis for PHRPFHSEPASYOKINGECTOBY RBRICH Mherr SRR MFHEUEF 2%t the pepti de
of choi ce igmpidGbA may EorhPEseRERird Fthk suBR pSiTRiek, onk bE eXAAEiniEsetRiddd not  be
effective in Inducing an i munol ogical response. If the peptides are too

| arge, or iffonBtetnhest prevhlentgrassgs i inothynPerenniskbRye andBermudadihe dual , there
is the risk of.inducing adverse reagtions, such as anaphyl axi.s, which my
be fatal . fﬂ‘é‘%@ﬁ%e‘b‘??&%‘gprcﬁe 3 §pE° Pﬁ{?&ﬁf‘f%ﬁeﬁg‘&%’ B r?%@%ﬁ¥%§fpégie§o retain T
cel | VO 2@{ysQ8R6ted Floh pptidddsHINR1BDe aftitatirlyl effetiiventhi dogibimsion gvithmal |
enough in size to not possess significant tertiary structure that woul d
enabl e thegpelothett ai n t he conformati on of an | gE-binding epitope of the

i gni 1 cant cr ofb1 ABRASRErboiFSr fpduBie KTROE MCIRLE, REGeRodR0l J"CLich

as 5 mast @elylpsptided réasepting thealnde ansspraus et grasdes, prtferablysecose groupi cant

hi stam ne rel ease. ...An adyvantage. of the.invention is .the ability of the
pepti des t OTEMWBLaMPre diffsant I\Vé]‘\ﬁ‘auﬁli%ﬁy@éﬁ {1 H1C SAG COBmBFHAD PIRKes 2

mol ecul es. Il ARAARS efildpRS)and’s6 bl inYedi#ldhAdY 8 allBwlfbeihe

speci fici ty;n%r#ggtﬁleﬁ?y i%e‘éle(%g?’aa{leg, as w tﬁ antl&i%t;’lo_d;l mol ecul es, through
gene r etonipohpmarphic eatn of the MG, Prowiding 4 corg QrRprafdhgimvertiongpeefarlfEn in t he

formof shqrt pepti bound t.o nolecul.es ,encoded. b he of the Major
Hi st ocorrpa(l}?‘bri ‘ﬁi qre %@?ﬁﬁ?fgknﬁwﬁ&ﬁlp‘%ﬁ’éﬁ %géﬁguﬁrp(?%b%{asrfyagogg?ﬂgﬁs ane

mol ecul es  t@tin@préBerties end tolkihe EedBonse pecTiled dlsd pranfdel anliggle TreeAnd are al so
referred to as Human Leukoc,%/te Anti gen nol ecul es (HLAs). which terns_may be

used i nt er ehiprpsatlloyving rreruiinarni Pl pvbroadsingenf dscellspsafisitise fariigducHemaf ng
grooves whi t i : . f binding
2 i ted onismesAtE o faldShipn3r AR AEoRNRE BEheRal MUKy CARER Rl 1y ot
necessarl | yusbef single golypemtidesr THHEvembdm diaveslso shown dheconapasitone bfitheol ecul e
such as an antigen or allergen is taken. yp by antigen presenti cells such
as B | ynphdgyangen W&é"rﬁhl?fqltrg?é‘gF F’ét,rerﬂ‘éﬁ CI3g8 OthP]dBW %,Stugg t he

mol ecul e i ' dddg%%ﬁﬁﬁef@s dHs&s.the cell. The process of

degradat i o?og%ggﬁ%%g&%e pepti de fra%mgnts of the nolecule which, if they
are of the appr ofrcbatingly,the pres¢rdimeentionl poividse a cosposition swiable fef vsdin t he
pepti de bi ndi ng.ﬁéoove of ﬁertgi n M—|C1 I ectu{ es_.and be subsequently

di spl ayed PESFIIRROLTHLE 3T IEEY A BFageRC ge?lebé'eﬂ PRSPPI he pept i de/ MHC
conpl exgs are prgsentat WAook RE tRPolgRPtides THAHTBKIPAGEEIQIIBKID A, imn

sufficient nunbers the ma%ét hen activate T cells which bear the,
appropri ate pepthomﬁ% LKKATFAMSBE), Tamd3or¥ GADWVRIDT PN o d19) nor phi ¢

nature of t 1o A, LA Srh g:ld ion such as man w ||
express di f@g%@%,%}é%&r&‘g#gﬁy[%@(%ﬁgﬁap{ecu &gﬁ%‘lﬁgﬁhei r cell surfaces.
Since different (WIC nallesubisofabe pblypebtidies Bertd(SGRAEGAMAKKGQEDE sanme 30
nol ecul e based on the size, charge and shape of the peptide, different

i ndi vi dual s wi |l |Bedﬁ)%£ﬁIBMI§$W%rB?FP2Pe(E§§t%%' %W&DBmm%%Q%o t hei r
VHC nol ggul PNkt j s M Qg ng peptide epitopes in
an out b?@d I%%%Bthi ongs%}%%o‘%aaé%égc%zolo%oows 8 such as man is
more difficult t(han iatldastomedfdr prdymplidescBiof$A (EKKAVTAMSHAIK ) f

| aboratory m ce) t i f di i i ween

i vi dual s ana RArP (REVBRABF Ehalan Al iofea RysSARNE g gD
presentation which this brings, it is unlikely that a single peptide can be
identified which will be of use for 5 desensitisation therapy in man.

As di scussed bel ow, the invention addresses this problem by providing
conpositions based on nore than one peptide i.e. peptide conbinations.
These conbi nati ons are based on core groups of peptides identified

oy o o o o - o o




10 individually, and particularly when provided in conbination. These core
subsets of peptides have advant ageous properties when included in grass
pepti de i The core groups nmay conprise a epti de
derived ﬁ?g%Pﬂﬁ%%?ﬁy grass, at |east one peptide derive ¢ &%%ngﬁgﬁﬁial Rye
and at |east one peptide derived from Ber nuda grass, each peptide show ng
particul arly good individual 15 response characteristics. The inclusion of
such peptides in conbination allows for coverage of the three nost
preval ent grasses, and additionally extends to coverage of other grasses by
horol ogy, &i06H £ UEPIY VA VREIA PRAKD), Rye 08 AABTTYKIIRSL EX AV KQRE)gRGEID MRy
conprise at |east four peptides selected from peptides having the nost
hi ghly ranl@é@(NPPcii}Ellflﬁ-ﬂé)fO X Raf yana of epxdereobm t he 20 group tested,
and further_,shown %gag%gygde opti mal response characteristics for a grass

ed 1o

vacci ne whér e|1r)erlrcl)\s/‘|il gét her conbi nation. Such peptide conbi nati ons

preferably conpi)se atlohgeapblypastideaiitupde 30amineatidy iarfergtlionvbigh | grass
allergen_ or a variant thereogf and at | east one pepti deriyv frqma G oup
U or ace S KemgERSORe seabRICaRth FSreappndings R I PRSBE phectieroR (O C5he 25
allergens a5 Goup | and Goup V grass allergens is well known to the

skilled person, and is further discussed herein. A preferred Goup | grass
al l ergen is thelBer magmlypeptde aff 9 tor feaminGpnidd il lengthprlitlecorapri@s eup V gr ass

allergen is the Rye G a I en,. Lol 5. In sopg enbodi neats, the

i nventi on rs‘é‘il%fl‘é&flbhaé aigeﬁ%oéss% ﬁ%rﬁb]é’gﬁptf’ﬁgel YU %coﬁgp%'g&% de derived
from Cyn dl iddedifitd th@),88 0@yl vittich &a8EnceAs epabReTbldasiHLtd saatl from
Lol p 5 or pggr\?ggtildaéﬁ{pbt hereg?ggojnp%(g?ti onsgbb%ased oﬁ‘ﬁ%onbi nat i on% of Cyn d 1
and Lol 1§ ®opespondiag polypeptideant s t hereof are further discussed below. WD
20107.089554PCT/ GG/ QOTEBRILoMEEEA' S b PHRILACRS WnidomgHgrh | On May
conpri se, consist’of, RSP TEBRST ¢ Ssentially o e sequences shown in any
of SEQ I D Ne¥iende d0at Ichst Yasntipubas ahinoherls of frcefuacp epthedosesmndimigso be
used. The variants may conprise, consist of, or consi ?t essé/e tially of
sequences \MPRPldesPEsifigBhiad (B} orcd:108 2 SEaRPNES ﬂ%@@sl%%éﬁ’.s 2 hEMPYEY3 or
horl ogues 9t4;aRy|e t%@i#&ﬂ%in&a&i@s, {rhich sequencd B¢ af 1BYE O dofifigddidS provi des
a conposition suitabl'e TorF use in preventing or treating allergy to grass
pol | en by tanlise acidd ohonodogmissequence is capable of talerising|te asitl correspehdinge

pol ypepti des, Ti n07B (KI PAGELQ | DKI DA) " Ti m 10B ( KYTVFETALKKAI TAMBE), Tim
04A (WGAI WRCHPEBIYS | Ti m 07G 10 ( FKVAATAANAAPANDK), or a variant of any

t her eof ; (Thk iﬁ@enki@ﬁﬁrt&?ﬂ@(r@ﬁdés heoRPoyiBieR khitdte £ uklin preventing or

( SGKAFGAMAKKGQED) , Ber 02 ( FI PMKSSWGA), Ber 02C ( KSSWGAI VWRI DPKKPLK) , and Ber
02B KDSDEFItrtEsilssgyR grass pellgn by solerissfion §mprgng at leag fopr different *  (¢) at

| east one qf thei %'SXA%&%@;& . Bi 004A (LKKAVTAMSEAEK), 15 Rye(09B
(PEVKYAVFERRII_WBH (% : SfKYDAYVATLTEAL R), Bi 003A ( KFI PTLVAAVKQAYAAKQ) ,
Rye 08A2@{ ETYKFI RS- EAAVIHOAR)(KIP 6 EOLOI I RATA Ky MelidANARFISY;, or a variant of
any thereof, wherein said variant is: 1) .a |l on pol ypepti de of
up to 30 amino 4B} ds Bei0] @%FWQE%P%@@%@%%%{J%% of the
correspondi ng pgly Penhe IPRRIAV PAMSEAER) orarfiht héor,0" 1) a

pol ypepti de of to 30 amno acids in |lendgth which conprises a sequence
that has at | eagqtl) 65Rye08BI(BEYKYA YREA#d Jikehldo ooh vahantdherees pondi ng

pol ypepti de specified,i M{% (c), which sequence is capabl e of
tolerising to sdfH 2%“‘6@% EI'Z% WS{AHOQVB@‘B?W&EGE ﬁ _ 111) a

pol ypepysde of I@ngt Bgoi@ (RISWGALYREDERKPIKY Br & V8R4t Sigsedt; Sequence of at
| east 9 contiguous am no acids of the sequence of the_ correspondi ng

pol ypepti de spedg}i edBipf34 SKFIRH)VAAVEKQAYSAKQ) erpieaitant theeaoliamd at | east

at 1 ogst. o ContiBhoud BB TR VP ALY AT AR AR AR Mok 0 Clabi & of

t ol eri si ng wker&aisgidcariagspondi ng pol ypeptide. OQther preferred variants of
a) toc) are: 10 i)pol ypeptides havi ng a_length of 9 to,?ﬁo am no aci ds and
conprising a red)anopegmiolpeptidesfup to 30 amino acids in length which comprises

30 the sequence of the corresponding polypeptide specified in (a) to (h), or

1) a polypeptide 9 to 30 amino acids in length which comprises a

sequence that has at least 65% homology to the sequence of the corresponding



any of the correspondi ng sequences of a) to c), or a sequence which has at
| east 65% honol ogy to any of the 5correspondi ng sequences of a) to c¢) which
seqguence of tolerising an individual to any ces of
a) to c) ,ng‘ﬁll ggoslgypepti des having a length of 9 to 309am no acl lgill?gand
conprising a region consisting of a se6quence that represents either: a
fragment of any of the sequences of a) to c), or 10- a honol ogue of a
fragnent of any of the sequences of a) to c), which sequence is capable of
tolerising an individual to any of the sequences of a) to c) and has a

| ength of gblybemide sBecffedih @Ficd®), vitiich vdgaeRierls sajabllchumoleaghg tdasd at | east
65% hormol ogy to any 9 contiguous am no acids in any of the sequences of a)
to c); V\heF‘éli“PfPGHilP%ﬁalypfiPtﬁgn@r of the four 15pol ypeptides are variants of
the sane origin se i The
conposition thu?ll)corr%;b%g@gpt(ietj(ﬁefrr(%t?\|€r%31lr?n)9 r%oha?lggog% %”3&%“&1“5’“5“‘?.

pol ypepti deedmenasegofalt pabtypepttigdeustdmiad acids af therseqrence bithe obl;re@oaéngnd

pol ypept ei n de . of or a yar t he athird
Dol ypept] dBoRBrREieaPBREE R Bbin e dedients 1A bt I CTarhmplberits, 1 or

i nstance t B84 GPRRAY dohfBu dmxanﬁmlass evlﬁlchveahaf&% o®ht 1&151!@7c8nt1§ﬁfu@%1r§ﬁ’tﬂ a
vari ant of RyeQ9B. Preferabl y, the above conposition conprises in addition
to the cor ecilhoekomalbgeuspeqerase is dapahie hf joddrisprgivisdid cofrespondisle, or ¢) or a
vari ant of ap)% tt%r eof . The conposition may conprise four, five, six,
seven, ei gﬁ? PP e pol ypeptides of a), b), c) or variants t hereof. 25In

some aspects, tThe compositiénsuT theyveivarars g/pioly chpubieof tbRiising/at leaste
pol ypeptides of a) or variants thereof. In_additional aspects, the

conposi k8 oAy at lsastrG0Seof sypane] pf eass pollsn allergifoipdividialsda the pRavilaiony) o
variants t ri se two,

t hree, fourgl?&/&loéoeIll &ssieggtgrgg&ng?% po y%‘glg?epc?iﬁ%g?b%;t&glr&g‘gﬁ%%s t her eof These
sel ections palype}mdejs,echerem thdﬁﬁlrthexrmﬂspdpndes @) canprisel sseqgerst hheiagtat one

pol ypeptid ) or a varlant t ereg at | east one pol %%gttélde f b) or a
variant th As‘iﬂ“@?‘é*rl SRR v et SHHWFC?W‘@EOW‘B‘ &g 853t ect ed from
groups a), ﬁﬁﬂo:)l tb 3 4B ribel BOBRE helE(b)afDT B U arBing@kidd M 1chB@r eof , the
WO 2010/ 0895 4PCT/ GB2010/ 000198 11 poI ypeptl de Ber0Ol1l or a varrant thereof
and t heldpol ypepti de Bi 004A or a variant thereof The composition may
conprise a Ieast o ._‘, ept| enlted fromgroup a) or variants

t hereof, a s &ss—setrectea fromgroup b) or variants 5
thereof and at BE&PE)N&S mabypeﬂtw&e&e@slypeﬁtﬁﬁ s @eicey ¢flthe Mveltiovayr | ant s

t her eof A preferred co osi.tion may conprise the polypeptide TindD7B
or a vari aﬁ‘i’ioﬂlﬁ@rwesazn@ 4t SEFQIRNOHo tot r‘é@feéli’oqddﬁlpeﬁéf[)eﬁ gepvidfeamsel ect ed
from group t rise
tuo or ¢ hr SLouP] ghakpRkchs RECHE NTIS. 2R 7 b o AL TR sl

pr ef er &l y Growp didilerge8i 004A or a variant thereof 10 Anot her pref erred
conposition may conprise the polypeptide TinD7B or a variant thereof and at
| east two, three or four poI ypept| des selected fromgroup c) or variants

t her eof ThiRetailegidesen P f_-'s'== conprise two or three polypeptides
selected fromg Ber0l1l or a
vari ant ther eofqﬁFF}“@%ﬁ&{ %@é‘l“?@n‘g‘ se?t%f}%%gcagg%qggon a}’eﬂs&?d&@r}i‘gg conpri se
further 15ppmidepeplyitdeairised fromenyfgrasmabiergen esSiipd erbi@or betveridits or vari ant s

al S0 prisi thobee 5 Arsbed v s Al Popeied i ?ﬂpé%%h?% tgleslpeiti ng

al l ergy topgeash ﬂe?{la@mnﬁmnmioemé a hAR t& QIR b h atle §ﬁ§ tind Rigiorddsf f er ent
pol ypepti des sel ec from: 20(a)Ti n07B (KI PA or a vari ant

t her eof ; (Ithe dergen &Q@W@&M@E@e torbealsvhfqranmumem@of g(2e Hitho4A

\(/;( IKQX;I-ALVE Eé‘% bkae of chSicd & crgcg;[ll tIP reep%{)ﬁde( )tooRymz(il?, It:‘he( \%%):lljﬁg'%‘v\(/)':wl't-g CAT) or a

effective in inducing an immunological response. If the peptides are too large, or if

30 the whole antigen is introduced into an individual, there is the risk of inducing
adverse reactions, such as anaphylaxis, which may be fatal.

The polypeptides of the invention have been selected to retain T cell



(e) Ber02 (FIPVMKSSWZA) or a variant thereof; 25Ber02C ( KSSWGAI VWRI DPKKPLK)
or a variant thereof; (g) Bi 003A ( KFI PTLVAAVKQAYAAKQ) or a vari ant

t her eof ; (h) Bi 002A ( KYDAYVATLTEALR) or a var r :
wherein S‘gpg“%}’é‘)ﬁ?%ﬂt is: 1) a longer polypeptide of up&)?g}%t@@ﬁ%saci ds
in length which conprises the 30sequence of the corresponding pol ypeptide
specified in (a) to (h), or 11) a polypeptide 9 to 30 amno acids in

| engt h which conprises a sequence that has at | east 65% honology to the
sequence of the corresponding pol ypeptide WO 2010/089554PCT/ G32010/ 000198

12 specifig edlﬂmf)axl' hil@ beihk sni@(ﬁ'eﬁbug‘l’?ﬁ%%qg nb# &@%Qigﬁlfﬁ:famtt@h% sing to said

correspondi hg pol'ypepti de; I'11)a pol ypepti de of Ieng to 30 am no
aci ds whi chtructnmrth&e»sotﬂd smhheﬁmm tofretain the genfognaomdf@ndgk- balﬁlll‘rg) aci ds of

2 sequence cpitde f1dEe Hol TROEM P hERIBED 5 Br FRERIoL B el Guons

am no aci dadubbisiphifR@AUGBS&ENRIng AT i@k sfectfiyigEgHelduladmeelBGuEisasOr
honol ogous sequence i s capable of tolerising to said correspondi ng

pol ypept3 denastedilsrang basophieand eanisequently fo apt eayshyigrifieant hyjsisning sgedsges
having a | ength &Iad%a{aagggfﬁwlmnﬁ& gahélgﬁh SiRhd BLitfhed J@gaﬁy tehfet

consi st ng of : any o e correspon uence

sequence WNgjbr Hasocatnpatibidity 65ﬁ£er(MIHgymbbcﬂesy Drell reeeptorsr(@Rshaieng
sequences of a) to_h). which sequen i

capabl e tol.eris an i ndi vi dual
to any of tlll\@l %fE?é’lLF‘c’é‘sthﬁf SRAFI %tyh§’a“%]?‘h Eﬁ?‘)%?‘ir %(fé%"bﬂ ing a length
of 9 to 30 Aithfesd e FQTRIYirHiBH eaer{t@%ﬁﬁl tﬁ@@@ll qtcmeeégresesequence
t hat represents eft ragment of any of the sequences of a) to h), or

a honol by uanngeranftha@lmnf sbért peptidss bowrel @eqtule‘ndwmbdfai) b}t the igpneswifitleen
sequence i bI e of ﬁg‘& sin i dual the sequences 20
of a) to h ffé%cogl {a‘ b8’fnp§f‘a(pg%§} esa?rﬁeﬁf‘)pﬁé‘ia 8%” G ST ei n sai d
horol ogue hﬁ(ﬂeéﬁles'tﬁ& V@ﬁ%tﬁoﬂ@u@@ybekous%ﬁﬁn GaspMntfloALERA AR 4160 RErERl | N any
of the sequences of a) to h); wherein optionally none of the four

pol ypept i dde asHemaa LicukeaytoAntgen melpeules (Hfihaliwhieisane maydevsetl by any one
of a) to h).

9[{‘?[ |]:m?{m]

pol ypept i deu%ter%?l c%ag]&nﬂl%?‘éa'%agwﬁggﬁg}%ep %)%gégglﬁr%ﬁse ec gégggﬁ%mdl

pol ypeptsd gt(ijle b tha)rl shﬁpe{ﬁndwharg@rarcaﬂim chpublecaf bindihg a dilntited groumpaiyieptides. may
corrprlsea itional po eptld to h) or a variant t her eof
such as fi vide psptid CSM‘%BY@P@ %?5’%“@156}’9%&?% yde Q}m‘iByﬂ br
variants tr}‘qﬁgogl 1ROLiBs sone aspects t he conposition may conprise a

pol ypeptide o 3) or-a variant thereof, at |east one pol ypeptide sel ected

fromb), e) or fWhera proeinimei¢culsf sughys tuantigsh or ald@tgam 15| takeptupdneantigey pept i de
selected f rp?er:genl)ing ce)lls sgc),h as 'B @mlghocytes englrllttic (t:erfles, monocytes and macrophages,
20 the molecule is enzymatically degraded within the cell. The process of degradation
gives rise to peptide fragments of the molecule which, if they are of the appropriate
size, charge and shape, may then bind within the peptide binding groove of certain
MHC molecules and be subsequently displayed upon the surface of antigen
presenting cells. If the peptide/MHC complexes are present upon the antigen
25 presenting cell surface in sufficient numbers they may then activate T cells which
bear the appropriate peptide/MHC-specific T cell receptors.
Due to the polymorphic nature of the MHC, individuals in an outbred population
such as man will express different combinations of MHC molecules on their cell
surfaces. Since different MHC molecules can bind different peptides from the same
30 molecule based on the size, charge and shape of the peptide, different individuals
will display a different repertoire of peptides bound to their MHC molecules.

Identification of universal MHC-binding peptide epitopes in an outbred population



WO 2010/ 089554PCT/ GB2010/ 000198 13 Alternatively, the conposition may
preferably conprise a polypeptide of a) or a variant thereof and at |east
two or t ptides selected fromb), e) or f) or i any
thereof.h@ﬁ?gﬂgkﬁggsition may preferably include the poFsggg?Pﬁﬁh%§§01 or a
vari ant thereof. In another enbodi ment,” the conposition may conprise a 5
pol ypeptide of a) or a variant thereof and at |east two, three or four

pol ypeptides selected fromc), d), g) or h) or a variant of any thereof
This conposition may preferably include the pol ypeptide Bi 004A or a vari ant
t her eof such AAlrharsis édore giffiodt thap ivsinkead qnirgile (alkeh vis cartgin stsaind &fe pol ypept i de

Ti nO7B or a variant, thereof, the (gol ypepti de Ber 0] Oli) a variant thereof,
and t he pol%bﬁé%@rﬁd@cﬂb%itbﬁ)h%%?f ficrgptial MHC fxpesssion betweerripdividpale
conpositio | . : I L S f:our

Gi T or ent Bl SRR MAGEAG it frc BERRL Bl phe cHERD SR NI TRES LS cach
cor r espondisunlikelydhdtfaesiegié peptidgicambe adentifiedivhivh wildeefussfosf a) to h).
Thus, t%ﬁe éogBQSitj ongeé_are.t %ically sel ected on the basis of four

differe BICRYHAIOBAEAEY M of origin. Preferably, the conposition
conprises at | eagtyiRuse8 BelodD theSRMHRIA A1 esS3S EHTY fRbRIN By Provding east one
epi tope sequence of Rye Gass origin and at |east one epitope sequence of
Ti mot hy or icefinpositidrs has¢dearampreethan opepeptide baqeptidagominatinsctlee f r om any of

SEQ ID NOs 1 to 74 or vari.ants thereof. All . of. . L1 ons based
on a) to hforﬁ'h?a‘??\ sar%g??sﬁf’lf)ggoﬁﬁr eSrszpﬁp %%q%ﬁ%éélgﬁegggf{%e %@ gﬁdds from any of
SEQ | D NGs sHowifig drp8iing Bl dtidfp Sespbses of grasy alledv patichitywhal esteéd according to
a) to 21) Al'l selections are subject to the conpgsition conpr.isi n? at | east
four pollypénstivideallys andparienlariywhen proyideyl ip pombination. I hesegoaspubsessof onal |y,
any conpos i . i; npri se
further po:pé%g{p%f :ﬁ %i%%h%%&ggpg%gﬁ%f g&?‘?iﬁﬁhg%ﬁégg&gg&%{lﬁes. The 25
further pol ypeptTiasrevgioups mpy cainpriser atlleaseorttepeptidederared froppiloadthy

honol ogues and/ or fragment f, e of her . uence i.e. SEQIDNOCS: 1 to
73, that aSESHidt Eeﬁﬁ‘cﬂﬁ‘gfﬁptt‘%e‘?eﬁ%%g@ﬁ} ?ﬂ'ﬁ%méﬁ%? i&aﬁtcot"gé’.ep e further
peptides aiygritedt&A Heymh@N&hiOBah peptil@siowirg patitulafly bh&l Rapidwies of SEQ ID

NOS: 1 to 73. The further polypeptides may be identical to any of SEQ ID
NOS: 1 t% T&pomieshewnteustiasi Bhe malpsion®f shdy pepgdesciarppmbinatiop atlews fr t een

di fferent pol ypeptd.des as provided. in_any. qf %i bj ect
to at |eas 0‘6%& p%tlltg%@ﬁ %‘Bgs%’éﬁvr'ﬁ‘%“%%ﬁa%% ’eaclil(afard g@?@%@h 0 d(si? ngﬁeg; %e b(?uas
defined abuRr orewsb§honiolspyORs disidbed furthéreelgyel ypept i des do not need to be

100% WO 2010/ 089554PCT/ GB2010/ 000198 14 identical to ; nygif chf? ID NCS: 1
to 73. They ar eAsidiianalypgomsrerounmay 6ompriseat dsashious Bepiides gieqtedirpmy,

exanpl e at AR Guaf Pihb N QU Sra AR AR sFdndehel N any of
SEQ ID N%Pgﬁtﬁfegh%gflgri%ima P%héé%le(?&elct eé&grmngst tHeaat l&eesist ong

pol ype( deraml testéd dnd fuathee stetwrofo prayidenptirhal)respbnesehacaptdrisjoofes aani no aci ds
may 5 conprise a WMHC class || . epi &lgp%,%f.or.exarrpl e which binds to any of

the MHC nolBESHVeseathenaydedose ipgiftht i on al so provides products

and formul ati ongueRPEtide icBMbiMaBoROprEReMIY BSfpde 4t st sheqRbliddadd
conposi tions, products and vectors conprising polynucl eotides capabl e of

expr essi ng fiohea Godyplegrasscdisrgsh or hevatiantdherpefrantl af leasfone pepigdegesivedht i ng or

treating gr.ass | ergy b ol erisation, .Suc ol erl J. 1 typically be
to an epi t(%’én ??}lé?ul)egzgm# 8h%{gﬁ)?4&‘ gLt }165 qlﬁn'%}}encgggF%%éql(?rp%%gr% 4ospe) pr esent
in any ¥ QfiQgbh N&roup IaAd GloupV aEss aRagemss Wellkeoghas thesshilkidgRrsdie

(Lol i um perenne), Tinothy (Phleum pratense) and Bernuda, Q/nodonadactyl on)

are respon@ngisdfurther disaussgd hereip ok predarassGigund grasp pliergen ixdhs B

particul arl I i ogl i : ayfever.

G her | mpor Al B IR FPHERLh Rl 358 AR AN BRI OPalY o)
Orchard gr aHergefdai] pl3. $n sgomeranbédimentSatha inyvegtions sel4té¥talasrongpositioar i ensi s) and
Meadow grass / 20 Kentucky bl uegrass. (Po ratensis). i.S one of
the nost cGAMBRsHEaLlead onf p@mm{s*r%q ﬁawgcﬁg%foeemr{aa&@afea& ﬁf ddepste of

ani mal {pddgr ;Hde'(jférw@d ¥ L pEHEOPGarialtihe RBE RRSIDsitidhs Bakaed on al |
continents wo FJWI e and iIs corEr)m)n in all tenperate zones. It can flower

t hr oughout combimstiomeef, Cyoud 1 tapg Lok 5 pepedesme marfiangys thargof areyfuithert he nort hern
25 hem sph%r.e. R%{ﬁ is well adapted to mld, humd tenperate climtes, and
grows best GUSEE RE®Yheavy, rich, moist soils. It also grows well on

wel | -manured lighter soils with sufficient noisture. It dislikes shade and
requires a well-drained soil. Rye typically grows in |locations with a soil
pH in the range of about 6 to about 7, though it can tolerate a range from
about 4.5 to about 8.5, preferably with an annual 30 precipitation in the
range of about 21 to about 180cm Tinmothy is another of the nost

o S o o o o N " -



WO 2010/ 089554PCT/ GB2010/ 000198 15 and northern Asia. It has been
introduced and is widespread in North and South Anerica, South Africa and
Aust ral i ayobh{ilsbass9rass typically grows in |ocations wWpk-h/@hofibak
precipitation 1n the range of about 35 to about 180cm an annual/
tenperature range of about 4 to about QZC and a soil pH of about 4.5 to
about 8. It 5 is best adapted to a cool, humd, tenperate climate, grow ng
best on heavy, deep and noi st or even wet soils. The opti mum t enperature
for gromh is 18 - 21C varying wi th day/night tenperatures of 15/10C and

21/ 15C. The Ti mPEéWrréd ?E&Héi‘ﬁtﬁ@ﬁﬁ@ﬂléﬁmhy%@ﬁhidc&%ﬁﬁtbﬂ%‘ﬂcbl‘islstthe early
summer and Ti noth fp en is a major cause of grass allergy during this

season. | nessenidlyof thyseqyencesshywihiaany of SEQ) Hh Qﬂ drtgi7é. Variampaftis or
ot her synmphLOUE gré@% ﬁﬂgesfrgﬁglse Be R%d 850 Q/Qﬁ!ﬂ%{ﬁ nIaﬁ cgfngggr%%oﬁ)ﬁit of br

Ber muda grass T ocat i ons preci pi fation of
about 9 tOcaisﬁnﬂbsséaﬁﬂmofalqmemmbbmbe&@mﬂns ofaaither afy cISHQ I3 NGS:dbout

28C, and a soil pHin the rang 4 tg about 8.5, preferably about 6
to about® 7t Oﬁ@m%%spfé%?ﬁe%éééﬁg‘ié% ] E"%ypi cally in late summer
(August to Cctohge 1ﬂd%n&&?th%§ HRr'i&eQ‘?lch 8&1599@%& foPaldMYReRhAAg 8r Pr oduce

hi gh quantities of pollen an are therefore a nmajor cause of hayfever.
Ber nuda pl anatmgrﬂheg}absgnasb@eﬂenbpmﬂmdtwmccumng;ont act dermatitis. Bernuda

S Lypioal [y Tod barient REH phpeaElSdrmuaR kAR MA oue 20"
south. 20 Eﬁﬁtlogqmrlaa@mﬁml@mm)l Ta 94& (WGATWRIBIPDKAL), Ein 87Ger gens

The maj or allergens of grass include t he Group 1 grass pollen allergens and

Group Slyr é@éVMTTAeﬁN e‘ﬂé@l@ orprariantf any dherepfs f er ent species are

assigned to gro o) npl e,

G oup 1 mmjor g@es %&sﬁ? gﬁ)’f{'ti %@%&‘a%ﬂ% gs‘?ﬁw{pmmﬁepgo@i n Phi
and the RyBeﬂl_QqFﬁPMIdS(SIWGAJ, Ba02C (MSSW@MIWEI]DBKKPLQIDM BeloRBn al | ergens
i ncl ude the Tinmoth rotein Phi p 5 and @/e?\tpre&ier n Lol p 5. The
present in@ﬁ%‘f’%l %SWMWR%&FY%“? gﬁ“éfﬁ e tain grass pollen

al |l er gen prot ei g whiCRaGQAPDE e MG Bibds R INMKAY TARSEARD] t opes  The

present 30 inventors ave SO S regions corresponding to MHC
d ass 115 bRydd9R)(PECKYAVEHAASDEK AL, Bio02A K ¥R VATEIEAIR) BmOéAI er gens

are highly conser es ' ' i (o} e for
exarpl o, LASRBREN AR RIACEAR G 652 T 1 oS Rat ERsokBoeics 16

i nfornati O(NAMANV%AQ@ANMKDr&*BM?ﬁnf&i@yQﬁ&e&EQI ons of a proteinin a
given Goup are suitable for preventing or treating grass allergy by

tol eri sati oheretn sadvepagss: al | ergens in that Group. For exanple, the

rel evant regi on fro p 1 of Rye
are suitable for usegrl%rtg%FE&gﬁ%mdgdﬁyhg%%m% ag?@é%gﬂ{ﬂgggy by

tol eri st i oompses g saaetre bf deasrespondingqradypeptide spebifief ép(d)d@3 onfe)t he
invention are derived fromthe Goup 1 (SEQ ID NOS: 1 to 27) and G oup 5
(SEQ | D NO8 28 to 73) grass allergens. The terns "peptide" and

“pol ypeptide” af useﬁsol %@lamﬁ@aaupml ﬁghm&a&ﬁﬁsews are al so
referred to herefn e all ergens™. 10 Tabl es to 4 set out the
sequences eéqubim tpmmasdeleasjfﬁwmmmivgyrttodwseqlmjlccaf thegotrhgpopdingnt protein

from whi ch c pt id Wiere a co it of .the invention
conpri ses PB ﬁB?CéFf)‘gﬂﬂlﬁ)em YY) Shicheduener b%paﬁg}l’lﬁﬁ’g&l?rtf&g 8529 1o h)
or varignt g(,,tr@s@r,&gﬁgpgl efiRPGsi tion typically conprises at |east one

pol ypeptide or variant "t her eof (lf or exanple a functional 15 variant)

sel ected from edldh orapa)ypeﬂcglerqj m 91t0t3@ apyno agids whicBRompDses@s: 28 to 73.
;_,[]el gggPOfS ;s%;@grq etanyaég%F con 1guous Ba(t. of f%te S&g‘%?lée (T)ﬂpg gmésgoh&ﬁ‘ t four,

SI'X, eas seven r-variants
t her eof (fpblypa;amelspeélﬁétchﬂ (a)mlb) ofa(é) an4 soquekdecthhtciths bt leastesa%whaﬁolagy SEQ ID
NOS: 1 to 27;  and 8 NGs: 28.to 73. In sone_enbodinents, the
conposi ti ofP Wa@%?lcg igious amno asifls, PhichSEqYsaRe PERE lepst Y SPRUENPUS her eof

o 10 Sna-fy ity RERlo4ES bkl RERbELCRIMERR S oesPing, | cast

two, at Iepelypeﬂstrdee at least four, at least five, at |least six, or at

| east seven poI % r vari S t hereof (for exanple functi onal
variants) sel ec aB?S BEOFPH NOS: 1 to 10; and b) SEQ I D NOS:
28 to 52. 25As outl i ned above pr ef erred conpositions based on the

pol ypeptides of a) to h) or variants thereof therefore include those which
conprise at | east one peptide derived fromCyn d 1 or a variant thereof and
at | east one peptide derived fromLol p5 or a variant thereof. Particularly
pref erred corrposr t| ons are those vvhr ch conpri se at | east one peptide

Y o, g,



30 derived fromLol p5 or a variant thereof and at | east one peptide
derived fromPhl p 5. In sone enbodi nents, the conpositions of a) to h) may
conpri se , four or nore peptides derived fro ariants
t her eof 5&9?8¥h?3§§ three, four or WO 2010/089554PCT/gﬁ§%§3%8%6@g§¥17 nor e
pepti des derived fromLol p 5 or variaffs thereof. In sone embodi nents, the
conpositions may consi st or consist essentially of peptides derived from
Cyn d 1 and Lol p 5 or variants thereof In other enbodi nents, the
conposition optionally does not conprise a peptide derived fromLol pl or a
variant thegy eof po@?@ptiﬂe§ﬁh'§ﬁ§gla@t1%\ﬁ9mﬁlbla@irﬁabﬁﬁﬁﬂp@ﬂn@i?egﬂorﬂ- and Lol
p 5 peptides are of particular utility in the treatnent of grass allergy.
Parti cul ar lcyngistegexy ed conpositions of the invention include those which
conprise, consist or c i St ept|al , a) at |east one of

t he pol ypepti des oTangé%q%Dc%&%S&ﬂ?ﬁgzgglﬁ%m%O%?”?/%ﬁoénts 10 thereof as
defined herein;  .aseqagncetwhiclnbis 40 feas065% hemphigy pepiy oftheof SEQ | D NO s

28, 29, 31 and 46, or varjants thereof as_defined herein; d optionally

c) the pdlypepti decostesmmaingsetuencesots) ta oy aighicapereedbearBledds i ned in
herein. 15These co ol : ' tol telepfed CGyn d 1
peptide, a particular IJ‘tgpa?’g?%‘%dg‘gf@%ﬁé’gﬁ{ﬁéﬁwgg%fnaz op)t?i onally a

particul arliiy pr ebbpestiiePhavipd apeapth o to\A) @mipp @tids abd yomphisng @nggde t i ons
conprise at |east two Or | three ?3%§%5t£d§§ as defined in a) and at
least two or at | R9pISHRg ??8}‘?}198;5‘_5)"} CaE #ETfned in b). Still preferably
the conposition inc} Hdefed PRAYRERR LGuaredsfd)ned),bh c). It is 20 N
particularly preferred that thé conposition conprises i) SEQID NGO 1, ii)
one of BEQ I D NO <2ahemolsE® ofx fuggment ojauy of thy sgmenged ofj@ tosn,

Specific preferred . compositions,include .Conbi y! out in
Table 7. In suc ﬁ”ﬁg%lhspeggﬂﬁe%%%p agfﬁé)?ééigﬁ%?%gg’fnﬁ ﬁ%&?ﬁod%n\?{ (gl}a%)se?)@f@c%épti des
of SEQ ID NO's 1, 2fd)ito 2Banddhs a3dngtt6f @nchsOD amiriv avids, amihyrelresaidibst i t ut ed
for a variant thereof. 25 In sone enbodi ments two, three, four, five or
more of the pol ypephoraelegeshasptensy 03¢ Romology tasanysBcongiguousiaming agidy 69
present in Conbi natj ol s i{Ji3lly iBhd &S tdurer eof .
The nunber of pol yp@%ﬁgﬁgﬁe&gé&nﬁﬁ?@ t‘?g}r?%{:}fg%%n éJt }e,r eof typically
dependsl1®n t he t ot apolypaphdes at vpddntpefthe dase driginaldeduénce dbéneddrypoyi t i on.

For exanple, in conbin%£$on% based on four pol ypeptides (i.e. 30

Conbi nations 6, 8, 9&59.'f°?s preferred that only one or two pol ypeptides
are substitut ed frRicoM@biiadh thukREmpAtesAl hiimahi of thiée palypetRIRDASfirkst ON
conprising four or nore pol ypeptides selected fromany of SEQ ID NOS: 1,

69, 31, 46,polypeptidedginggpolapeptidpof 2000y GERSEWFETY, @Bgeory/ wixregida s 53, 35,
27, 4, and .70 or_variants.thereof. is, al . . ven nore
preferred 5’8%&9 p(f’Rg@% l?)i qé Ym(%tﬁtg?rgﬁféag&r g@g{ld’sﬁ?o&%epggggﬁ gl ly of the
pol ypepo dgmlypkptidedfldpoN®varidnt thredt, TRS, fod Instdite diceodpositionaidyant s t her eof .
O her preferred conpositions co%?rise SEQ 1D NQs 1. 2, 5, 28, 31, 91 and
93 or in 5 cempese pyameof L0, Berdleand 7 vastanbef Rys08Bo Praferably. theabevent i des,
variants t s di: oent 1 MR 2 BSRIH fRosi tions
do not cong§ﬁ§§&8%§&Pﬁﬁgﬁéﬁyggq?ggg??%8?Q§?%§g8§8§ﬁhon%r?@% %ﬁy urt her

pol ypept i des a}l &), oredlof 4 oaniant af anyathkreof)dihs compogitied sray edmpribofbundives, t he
conpositions -conprise SEQID NO.s.1, 2, 8, 31,.91 and 93 or variants

t her eof anéuﬁéeﬁﬁtmggﬁFéé%egﬂ PﬂﬂﬁéﬁefabgbfiPh§HWPﬁﬁﬁTﬁ° re than 20%

honol ogysto a pPrRLEHE affecRNMhec TBRPbEROPMaY coRPrisERN, BRES] fH& Rintbre The above
conpositions may conprise Tprther non-pepti de constituents such as carriers
or adj uvantmlypepieddsof ehor miantssherpefoln afisstionapaspeeis tthe errmpposstiongnay (a)

t he pol ypeptide T nD78B PAGELQ | DKI D, Tim 1 QB .15 \IFET. | TAVSE) ,
Ti m 04A (m@mfﬁm@fé,@wrw%e@%sﬁ%&mw%ﬁ@ﬁﬁ @kﬁtﬁééf any
thereof as %ﬁ&%ﬂl@g%nzﬁ@dh%rﬂﬁmy comprigdtwoathrées 8siir, v siforthd@e pol ypepti des

Ber 01 ( SGKAFGANAKKGQED) Ber 02  (FI PMKSSWE), Ber 02C ( KSSWGAI WRI DPKKPLK) and
Ber 02B KDSDEBIpRRMiGS\WEA) YRvasiants thereofahhesgselgphionsiaes abjechto Be semppdiother ei n;

and 20(gp)at | L f et i pg@%ﬁ]ﬂ@ -Rye09B

( PEVKYA E,&REFP%?&’I“%%?Fe%%&“é&%%%{%@\%%%éﬁ%% eptid

( KFI PTLVAAYEGSAAKDIant ByeeedBSA ptediyddddnimaivkiPabiee pBlypeibiEs selected

( NAGFKAAVAAAANAPPK) or a var.iant of an hereof as descri bed, herein,

wher ei n  eadFPHEFGUEF 8h) ‘f/)déaﬁ Rfi‘/neetlg%fﬁr% 7%1?&%\‘?6@85&16558 dfste or
sequential use in 25 preventing or treating allergy to grass pollen by

tol erisation. The four or nore pol ypeptides in the product of the
invention may be selected according to the sane criteria outlined above in
relation to the conposition for use in the prevention or treatnent of grass
allergy by tolerisation of the invention. Variants




30The conposition or products of the invention may therefore conprise
variants of any of SEQID NOS: 1 to 73. The variant typically conprises 1,
2, 3 or MHC class ||l epitopes present in th ng
pepti de o 2?:‘%[/08 0 2050/ 050554p8T) GB2010/ 000198 19 NBSTRE AR
Functional variants are nentioned herein. Such a variant nay be able to
tolerise an individual to a class Il MHC epitope present in the
correspondi ng peptide of SEQID NCS: 1 to 59, and thus it will typically
conpri se sequence that binds to 5 the sanme MHC class Il nolecule and/or is
recogni sedpblypéptide@rd1 v vdrianethegiof,s@d thdypolepuptids Bos0HANGr £yrianpe i n the
pol ypepti de OP SEQ ID NOCs: 1 to 73. The sequence is thus capable of
toIer|S|ngt fnst the correspondi ng sequence in the native polypeptlde
The variant pol i @Q)?é SRR native
pol ypepti de. 10@??661#11 gsng@y@%%u%ﬁée% ISt &%ﬁhg sf%%gegent S ddh?l ved by
t runcat i ona) er. guriabtg t]ue&mfyal least t\m\polypepudcesdmt@mfrmgdwp‘ )amvahantd and/ or

mor o | niter HEF it RS N BB RO eh FioB oL W5 B ethat rakes up

the T cell epit feSrel @bmpAAbRRHay @bhprisk e B tcﬂe!'fﬁﬁfm%maﬁama vari ant
of SEQ I D NO 1%;; cgrrprrlnge a fra!ymein%Sm E }?Dpl i a shorter

sequence. Werepfiand af laast tle threder &W@ﬁl)mﬁpféﬂﬁ‘é seleied fromy &féubb) éro\:ﬁnaam no

acids fromyt he erm na end E end of
SEQ I D NO Reag TS B |do°r?§np°9“‘°§ piy Ouhiise tw8 br (HRAMRct Pg‘},{ﬁé 5%,

vari ant of erE@Hoﬁb bﬁ;r Varightg tlhdiedﬂJﬂnefeﬁldyﬁndhnﬁhg Bio0da @l Wsiaff thereok anpl e
fromthe 20 sequence of the parent protein fromwhich the pepti de derives)

ext endi By ﬁeyﬁwaplteﬁereémwpsepngmqoem@ﬁ the polyReRHde MG 0f hvarisge a

conbi nati o np@g | e,
am no aci dﬂle?é()ftdg& aﬁl@% e&@ﬂﬁ%&?gﬁ%‘%ﬁﬁ@@&%@%&% M%ﬁ)t Elg%ag?%it?gﬁal
am no aci dﬂletesafrﬂ“hlhpraferkdd dongsitiop anayntongrise &vo os‘émnqmi@apa;iestmleatbded at

the other end of SEQ I D NO on .o ants above
al so appl i 90 FOURS) PLYFER'S t%“??fh?‘f?%rgﬁy m‘i‘ifﬁ :Bf" pr]rtorﬁevﬁf‘id%eth ‘i ncl ude

one or nore am %Qltﬁ@'a%&%%iﬁo’éﬁbh@ﬂa%e&ﬁﬁﬁ)fd’@rﬁd?dlﬂlﬁi‘sb@ur&féﬂuence of any of
SEQIDNCS: 1 to 73 or a fragnent thereof. A'variant peptide may conprise

sequencks haolypeptades sddected B0y qlﬁ SHELID NEstli toy/4tas variantgthereof net  nor e

conti guous_am nag IDNOS 1 to 73. More 30 preferably a
sui tabl e ngevbwlyﬁggfcﬁég%ﬁrgélga? }Seat 70% at |least 75% at |east 80% at

| east 85% at | qhsinRAfion &lbo peatdes AeYmpositiah sﬁl%ﬁdfoﬂﬁ%lﬁlﬁrMnﬁﬁg dridentity
to at |least 9 contiguous am no acids, of any of SE D NOCS: laf%ﬁfto 73. This
| evel of affeptingallerey tomras PollerBbs tolesisaiemoumprivenal dgaSQB)ur& ity may be

seen at ané ﬁggﬁqdagfaéctédﬂﬁo&ep“ de, although it is preferably the core

regi on. amno acid identity is over at |east 9 contiguous
am no &0 ds but (i)t nAYyMHEB KIRAGELQIMKIDA) dr2, vatidnt thekecofl5 or at | east 16 or

Accordingly, anflol  ERIASCUA EGaMARIE QPP EO BT BB 0y mmy b acr oss

the entire | engid) of BIEIIAEIREKAVTAMSEARKD! 24 vafiaiitdresfs ed vari ants
sel ected on the basis of sequence identity to particul arly preferred

peptides of the(dnveRyedIB BEVKYAVFEAALT Ig)olfam@lﬂ(em ID NO 1):

SGKAFGAMAKKGEED SEQ S Ian 11; Poa pratensis Poa p
1; SG—IAFGSI\/AKK g%@%@#@%wégorﬁaa?yﬁ%erg bnerata, Dac g 1; Lolium
perennegol p 1 e CAISEQD K av etherdorf:at ense, PM p 1,

| ( SGI ATSHQ Bkm &) d2tin

SGTAFGAMAKKGEEE SEQ | D NO 77}{ Zea ma Zea Vari ants of
Bi 002A (SEQ I D K& 28 VS AS%QA@)l@aVPBI?n”PE‘Pﬂ%&HﬁivuI gare,

Hor v 5; KYDAYV LSE%@ AI@) se, Phi p 5; Poa
pratensis, Poa 91)9 M#m{g@é Iﬂgg%?i Q‘Eﬂég%(tg;l i s gl onerata, Dac
g 5; KYDAFWB‘EteT:EAth(u‘&EQld D NO 81), Holcus |anatus,

Vari ants of Bi 003A (SE

D NO 2 KFI PTLEAAVK SEQ.I D r 82),
Dactylis glbAePREeRPo EH?PUG"@f up%?é\?‘ﬁglo lpéeé‘gt?éWQ‘AHggmpﬂﬁs the”

KFI PAL VKQAYAL, - Vari ants
of T (SEQ | Q{UNOéﬁ!; 66%14\&n%§%ﬂ%1{7/[>§?é o da%s% dlﬁgl) th@ Dactylis
gl oner at a, IPac @ pelypepades? tos3 bajuiapiacials 1rPhagtin WhlclKC@iﬁmeQa\?meDm th8EQ | D NO.

or Ad onsi 5. MU ERE0S TR APEY, e GBI P B R POTIDE PPURSRIdE. “ri 15D,
25Variants of B| 004A (SEQ ID NO. 31): LKKAI TAVBEAQK (SEQ I D NO




87), Phleum pratense, Phl p5; Holcus |anatus, Hol 1 5b; LKKAI TAMBQAK ( SEQ
ID NO 88), Poa pratensis, Poa p 5. Variants of Ber02C (SEQ | D NO
5): KES (SEQ ID NO 89), Phalaris aquati ca, . eum
pr at ense, WO@EEL)Q%BOWH ants of Rye09B (SEQ I D NO 46) PEE%?%?({JK\/?IQ LTKAI T
(SEQ ID NGO 90), Phleum pratense, Phi bz 5. WD 2010/ 089554PCT/ GB2010/ 000198
21 Thus, SEQID NOs 74 to 90 are preferred variants which my be used as
substitutes for the above native peptides in a conposition of the
invention. Oher referred variants for native peptides of the invention are

derived fr o iRid4s r@l tts> gﬁ%%&h NMhetRe & daPhlle BS tdleriknglodar! doareppoadingt O gr ass

pollen allergens a sequences derived from nal ze may contain
cr oss-r eacpplypepisiet @pes of use in tolerisation against grass pollen

al | ergy. In connect iQn W ' I: o Ldentity"
etere i o Myuehsel PR tithall (e 8 Atafels MERRARGRIces SRIARERTaf
Cl ust al W ( Thsipssitighbustdmino 2884 of thepeqenvé dftht berréspohding pglypeptadeet er s: 10

Pai rwi i t t - Met hod: t trix: PA
panal 1y:3 16PSBIoaaR R (BnGr b heayERES (g had alsas (574 RMEIORY [QHLMICRLY Bt er <
-Matrix: P’g‘%ﬁﬁ@ﬁs SRR RERNhiXH s%cg.legge of %% 1S8NS LéhiguBhs Qﬁin@)ﬁbid@g&a Penal i ze

end gaps: p separation distance: 0, Negative matrix: no, Gap
ext ensi on phemaldgypus &qléhceResdpdble-of pelerising togspd geTesponding paypeptder ophi | i ¢

gap penal ties: &ngggggﬁ%%%ggoﬁggqﬁ%&w GPSNDQEKR. Sequence identity at

a particular re de identical residues which have

sinply beep derk&@bé&ﬂés hé\gitéééiléi@h SEPlol FearkiY aCideRAd 66mprisidg a Tegich S5 or
nore, or up to l0"ami no acid substitutions fromany of SEQID NOS: 1 to 73.
Subst i tifk i oonsisimgadit s preferably involve the replacement of one or nore

amno acids wth the Sﬁﬁe ?rb%rr@ énéﬁn‘%ﬁ %%&%eggfaggg@iognd maki ng conservative

amino acid substitu@¥o . an am may be substituted

with an al ternatives siuateashich ha\dt irss6 3% hamofrggpeahy efthef or exanpl e,
anot her basic am no acid, another acjdic. am no acid, anotqqig{ eutral am no
acid, another char¢steseending sanencesglieh) mshauenee 18rMBleAL d,  anot her

hydr ophobi ¢ am no @k lins3AGhASIduROb 3y AHEGeAGIes STGHOR), ofr OMRLI € ami no

acid or 25 anot her I'pfratic am no ac properties of the 20 main
am no ard dsi)whi pblypeptides hawieg atlengtled®2 to Harniablaeids ahd tomprsing a sgg2oms
follows: Ala aliphati.c, hydrophobi neutra{)g I.\{lgt _hydrophobi c, neutral Cys
pol ar, hydr ophobi COPHEURE &2 KRARCNSE W PGPS ST ¢, neutral Asp pol ar,

hydrophilic, chargegffsmhelr 6f hyGroaRRicnced6Ld)tah),@ru pol ar, hydrophilic,
charged (-) @n - a homologue of a fragment of any of the sequences of a) to h),
which sequence is capable of tolerising an individual to any of the sequences
20 of a) to h) and has a length of at least 9 amino acids, and wherein said
homologue has at least 65% homology to any 9 contiguous amino acids
in any of the sequences of a) to h); wherein optionally none of the four
polypeptides are variants of the same original sequence defined by any
one of a) to h).
25 The composition thus comprises a minimum of four polypeptides, each of
said four polypeptides being selected from polypeptides of a) to h) or variants
thereof. The above composition may comprise additional polypeptides of a) to h) or a
variant of ény thereof, such as five, six, seven, eight or more polypeptides of a) to h)
or variants thereof.
30 In some aspects, the composition may comprise a polypeptide of a) or a
variant thereof, at least one polypeptide selected from b), €) or f) or a variant of any

thereof, and at least one polypeptide selected from c), d), g) or h) or a variant thereof.



pol ar, hydrophilic, neutral WD 2010/ 089554PCT/ GB2010/ 000198 22 Phe
a{onﬁtic hydrophobic neutral Arg polar, hydrophilic, charged (+) Gy
al i phat i Ser polar, hydrophilic, neutral His ar,
hydr ophi 172 H]?{{algégséd (+) Thr polar, hydrophilic, neutra?bﬂa;&gﬁwo By c.
hydr ophobi ¢, neutral Val aliphatic, hydtophobic, neutral Lys polar
hydrophilic, charged(+) Trp aromatic, hydrophobic, neutral Leu aliphatic,
hydr ophobi ¢, neutral Tyr aromatic, polar, hydrophobic Furt her

vari ants include those in which instead of the naturally occurring am no

aci d the anmifhafi¢éld, thbicempasicRmay bfbfélﬁ@b&@ﬁiﬁﬁ@@@pbﬁfgaptﬁierdﬂﬁb pral anal og
thereof. Am no acids used in the sequences al so be nodified, e.g.

| gbel | efl saniang theggaf gnd pelenss fve pbﬂlr@ﬁ palyreppdet ﬁe&’étquff%tb) &) grDfr@ant | y
sequence’ of i bE iy HROR TREeAIRpIILG AT RrpAIY fRARe dbal¥Rikp 11 o 1 Ne

substi tuti Bef01nan \tmamrthaebf)shs afidtkerferiHodireery the obmpduiticrenpay moenprise ahi n t he
sequence of any QIDNOS, 1tq 7 r outside the sequence, of any of
SEQ 1 D RoSPORDERSIp T aPo = LariaRb H6reot AR drrhiYorTeaas i BalyPePies

selected from ¢), d), g) or h) or a variant of any thereof. This composition may

preferably include the polypeptide Bio04A or a variant thereof.

All such compositions may preferably comprise the polypeptide Tim07B or a

variant thereof, the polypeptide Ber01 or a variant thereof, and the polypeptide
10 BioO4A or a variant thereof.

The above compositions selected from a) to h) preferably comprise at least
four different polypeptides of a) to h) or comprise at least four variants each
corresponding to different original or baseline sequences of a) to h). Thus, the
compositions are typically selected on the basis of four different epitope sequences

15 of origin. Preferably, the composition comprises at least one epitope sequence of
Bermuda origin, at least one epitope sequence of Rye Grass origin and at least one
epitope sequence of Timothy origin. The relevant epitope sequences may be selected
from any of SEQ ID NOs 1 to 74 or variants thereof.

All of the above compositions based on 2) to h) may thus comprise further

20 polypeptides selected from any of SEQ ID NOs 1 to 74 or variants thereof not
previously selected according to a) to h). All selections are subject to the composition
comprising at least four polypeptides selected from a) to h) or variants thereof.

Optionally, any composition of specific polypeptides described herein may
comprise further polypeptides up to a total of fourteen unique polypeptides. The

25 further polypeptides will typically relate to (i.e. are typically homologues and/or
fragments of) the other sequences, i.e. SEQ ID NOS: 1 to 73, that are not amongst
the polypeptides already selected. The further peptides are typically functional
variants of one of the peptides of SEQ ID NOS: 1 to 73. The further polypeptides
may be identical to any of SEQ ID NOS: 1 to 73. The composition may therefore

30 comprise up to fourteen different polypeptides as provided in any of SEQ ID NOS: 1
to 73, subject to at least one polypeptide being selected from each of (a) and (b) as
defined above. However, the optional further polypeptides do not need to be 100%



10 herein, such as additions, deletions, substitutions and nodifications,
may occur within the sequence of any of SEQID NOS: 1 to 73. A variant
pepti de i.se or consist essentially of the amn i ce of
any of sggéﬁﬁﬁ%@%¥§1 to 73 in which one, two, three, fogfgg?gﬂﬁﬁ%&g i no
aci d substitutions have been made. A vafiant peptide nay conprise a
fragment of the parent protein that is larger 15 than any of SEQ ID NCS: 1
to 73. In this enbodinment, the variations described herein, such as
substitutions and nodifications, nmay occur wthin and/ or outside the
sequence OfiARYa135 a%@ SEQNERNOS: | & 78 They are priiGaM9fat RASt BOPideA@sal Of the
invention are 9 to amno acids in length inclusive. Preferably, they may
be from 9 toatdeastP (fowesapplefacleasti i), 18 1200r1l3) aninors @dtigeousamino peidgith. The

eptides may b ng} h t he peptide sequences in any one of SE
IIODIONOS: 1 @%y ?gséaeh)sﬁ&hL?Opz%ﬂogigeaﬂﬁﬁgﬁgte%ﬁ@ﬁp%sgheya%%eaﬁgl V&d ?‘/r om t he °
pol ypept i dgoBipkgtidtaRleciedrfrotx aathl of (BYand((B). €Dhett bontipuday@didoakids ammybe derived
in an intellectual sense fromthe polypeptide allergen, for_ exanple by

maki ng use compripea NMHG 6lass I epiepg: éorcexample which ppds to any of the MHC

2010/ 089554P . 23 pol ypeptide allergen and synt hesisin

pepti des bé%oggu(%%%gﬁ’g{oggcg%%%%lé. Ilgep%/?dgs may be sgnt hesi seé usi ng me'?hods
wel | known i nThd@verition also provilleeprodudts apkformdtionnadmpstesingthe onl y nol ecul es

in which am no acid residues are joi ned%q% Beﬁti de éCO NI—I-%I%q l.i.nkages but
al so nol ecPely@eptifeef the inyatign 3pd geMBOSYERHS. Podpely pd BFIOTELURPHYRE o i nver so
pepti dom ' | ; mq;; | tdn fof Qde i@xanpl e
Poeh aat ool RRcEBde oL RASTE LY (19 %&J‘%m?én?mﬁﬁ%ﬁlﬁgg,.631230-3237.
Thi s appr opcdventinponmesting igrasy albergy by paptisatien. Suelt talamisatiprewidhiypisallyibel vi ng

t he backbone, and nof the ori i,on . St de.chai ns. ziere et (1997)
show t hat , 1&g F@&?F%%’FX © eigbz:t ‘fl?ssa[ﬁ'hl “}%2{ B‘g\fe%gqpf:y&r&eﬂg 158Y ,Oa}lt hese 10
pseudopept igkesIRN©OSIgabyl. Retro-inverse peptides, which contain NH CO
bonds i nstead of CO NH peptide bonds, are nuch nore resistant to

pr ot eol ysi s. Simlarly, the peptide bond may be di spensed with

al t oget her d;)r%?svéi ?ﬁgst hat an appropriate |linker noiety which retains the
spaci ng betweenthe’ carbon atons of the amino acid residues is used; it is
particulsarly préahergi®d spdcidstieyel (Loken perinat)y Thasthy $Pblalvs pameinsz) byd t he sane
charge distribution and substantially the_sa | anarity as a peptide bond.
It will al S$TBEda(aredendedyiomare {9380 ?f%éﬁﬁ@PWva%ﬂW aﬁ%‘%ksl ocked at
its N-or G 8 DarRuBSly et sPhsERIUIELwitH SFRR bk, bich dshaOBr. Ot €ol yti ¢
di gesti on. V?:Og@%elxé?paﬁe,u tllzl/ea RI— esrr%gnal am n% grgup of the nggti des may be
prot ect ed thersspbitant gressispeciesantlossy Vielvetgiass @fodcustienabs) cPreharsl grassr boxy |
group of t 20. pepti de be protected by reactin tth an_am ne. O her
exanpl es oggm{’gﬂgﬁ?f‘gﬂgﬁ%ﬁ?ﬂyﬁ Sf@ﬂ?@%(ﬁ%ﬁ”ﬁ*&%)%@%%&gwg%i on.

Anot herza)otl@ﬁmc%g,bm?}a{sggp&jﬁateinys),hat hydr ogens on the side chain am nes
of Ror Knmay be repllaced with nmethylene groups (-NH2 ---> -NH(Me) or
-N(Me) 2) . Anal odyeds one plcthe mpstcoemen grassestip therkorldy gadis wdelygipedps® i ncl ude
peptide 25 yari t hat, i e, f-life in
v, " Examsb it 8F bt Biidkl T B3ROl SRSRERTE e R ARk ALT 1T 2 e
used accor Gon@ndnts Whddwideand iscsomme inckd eaptaicazonnal bgaeflowér t he pepti des,
D-am no acid derivatives of the peptides, and pepti de-peptpid hybrids. A
further enb@nakmmt ﬂ@f“f‘ﬁ’é“v'é‘ﬁi%?”ﬁ'o@%%%%&én‘ﬁg‘% “h@@é‘PH-ﬁ‘?fB to the

| nvent | hefeS HedleR aBitd {AhiTE, Hfmili RenmPate @lidBRR! drdSrovh§Best

pr epar a??ogl%%gﬂg%ﬁ%yp%tl es au I ng OD am no 1aci S Erlat ﬁer t’ha.ne%f(-)am' no acids
great |y deoneatheshany, righyvearis doibs: Ectsogmwe fvedliomiwelhmagened ligltten ovilsal

met abol i ¢ pr.gcesses,, decreasing..the unts of agent. which. ds to be WO
2010/ 089554’?18%@%‘6@6?%@1“9§t @gﬂ‘&a ﬁ’i‘%ﬁFj‘é"d‘,‘reéﬁgﬁa'wlflﬁgf%geﬁ?eequenpy of
its adm ni s{gigdliyoftows in locdtiéhsRARE 4 SEIFpR iR HedRkbeDf abb@ AHORBEM 7, ithou@ht i on may
be derived tfrom’splice variants of the parent proteins encoded by nmRNA
gener at ed bitcaal tolerataa range $ioini abouy 4 Sftoaheut 3, paeforablyawidle ag panpiabncodi ng t he
par ent otein .chains. The i I be derived fromam no acid
nut ant s;%gl%%%g tlé?f’i“bwevrﬁ?geg(ﬁﬁgodtﬁ% tggé(él?t @g\(}%rent derivatives of the
parent protei ns Py ik @héther ¢fithd £@8t cotimddrakien i thg warldp@dtiya pfimiahe

al | ergens. Exenpl ary derivatives include nolecul es \é\gerei n the pefgti des of
t he i nvent iSerresof apimah fesder- It pstive and pydesprsad i mest b EugapspNedh AtEt ynat i c,
or other appropriate neans with a noiety other than a naturally occurring
am no acid. Further 10 included are naturally occurring variants of the
parent proteins found in different mtes. Such a variant may be encoded by
an allelic variant or represent an alternative splicing variant. Variants
as descri bed above may be prepared during synthesis of the peptide or by

oy



individual with grass allergy. This may be tested by the ability of the
peptide to induce T cell proliferation in a sanple of T cells. Methods of
testing t i i,on of T cell proliferation are well i art and
one such‘&gfhg@H%§4exenplified in Exanpl e 4. PreferablyK?Egﬁgggmﬁpﬁﬁnre
further peptides are capable of causing T cell 25 proliferation in at |east
20 % of sanples of T cells, wherein each sanple is obtained fromdifferent
grass allergic individuals in the popul ation. The conpositions of the
invention are preferably capable of inducing T cell proliferation in 30 %

or nore sapgil &&tRn Asiaelthss Bé¥hdhti@thctd omd Rfwidespeddd|in Dorthraad Soathl er gi ¢
i ndividuals. Mre preferably, the conposjtions are _capable of .inducing T

cel | prol i AareaicrorrutihAfm and Atz e [imushygrgss wypically grovey inderatipnss oy "0 o

65 % 70 %. . % 0h 040 . 06 @I, r Laed from
sensiti zedq”i‘%‘g’f‘v"’?“ﬁ‘gag srécfpﬁé‘g‘{%é‘ﬁ{é’le?& ?38%/335%@%@ @2%{1%%000198 25
The conpostdnpersurcainge cfabbw Ataphbute226€, ambusilngH af sha #5i toahoutellease of
one or nore cytokines, preferaply including one or nore of Interferon
gamma, PPnt brheg aﬁtegéo %ﬁ?fﬁi hymid eFﬁtﬁ%‘rP%es%ﬂﬁ'F‘&beﬁo g?,aé% ‘ieeBﬁPgi ned
from sensi {4 b Wt B, Thie BpBmRAT R IpeAturs F@PréWAAR T 8° I 2l €angyingy be
determ nedht%/ﬁgﬁ‘%%ri a simlar p5mto tthi)te described bel ow in ExarrlpBFe 5.
Thus, the edthplaginight tenpeaatutes of 4pAH°€ anid 21/ 02¢C ndhe Tinothx dlewstingne or nore
cyt okines in 35%.or. re, -40.9% or re, 45 %..50 % 55 % 60 % % 70 %
755 80" oo i, SePAB AR [Pe og Sippr Bmelham e ng Bei cfsa

i ndi vi dual §f pfasFalReg\edurink1RisE4EBAR! IIPtudias iupitd Q@Yesofi patientp avitdlallefgi@r ass
allergic indrviduals may be any, nunber greater than one, for exanple at

| east 210 3rhigitis ppother synsptorpg hawarbeen dourgigo bgresppnsivntor Timwthy priledi dual s.

It is preferredyl e I ' i : not | ead
to the rel ease (I)3|F ﬁé%g@{%ﬁ%@l?@@fﬁr ggbgglbﬁcﬁtgédgrﬁ%gé@e ﬁrgélglpt)%*rbgt#gns froma
sensi ti sedabdfdiovb dbait 429¢ay m anavaliempanwrdiianpant amut 8tealsert 28UE, apdaf er abl y

t he conposition does not cause, signifjcant_anounts of histgmmne to be
rel eased. SP‘bHHf‘PEl&rf?ngﬁ%ftagﬁP%ml OP“e#'gﬂéé'Efef?gy %&’“ﬁgﬁ%?%?Zd b be the
rel ease of Pg&ga&r ﬂ(m?érfnlg%feastoﬂ% Lpidally %’lﬁ'te! ffer (AWERGYS Oclbet Athee when a

sanpl e of ocytes m an individual is stinulated with a conposition in
vitro. 1& noomniedm hemlisphetanBermpdaplhinty preakice highpspanitiosef pollendodaye e hi st ani ne

content of .15 1107. cel | s. .Suitabl e varj ant apahl e of bi ndi to TCRs
may be der #Vé%ggr?p?lf”% 1§ ogﬁagﬁv%‘eﬁgg{l‘é pg%%ﬁ)ﬁ%henagsote%eef% Ac \/(\)/Et o I?clgt eri a.
Wthin a sichgk@oR8ftdedfattheBeranga Ravidelypréws idbeshoshikelwatt ri bute to
bi nding within the MHC anti gen bindi ng groove and ot her resi dues which

i nteract wpradomypsatly in wapn elimetgs.cind infypigally found, hetwesadpe ktitydss pen et al
(1987) Natuyye d; -B). Wdohi npthe residues contributing to T cell
recept or iﬁoeurtg’(’ﬁzt P%r?n&ghéi‘s%?logér/%(? t(%hgthhas 25 been denonstrated which pertains
to depexdency of T cell activation upon substitution of a given peptide

resi due. Using peptides i ch have had one or re T cell receptor contact
resi dues sﬁlﬁ@‘?‘?@c&%%‘fIpré’”ﬂilfa(”gr@ﬁf‘l’grﬁrﬁﬁpé’ FYadet® al groups have
denonstrated pr g%ggg f n Akkdendbh®n.

Evavol d & Al l enq‘?€99 &%%?io 2: “{%‘8%@%8@3‘3%3%%?2?2% ?heg di ssoci ation
of T cell Showy bigidepaldnahlergeds.chtotdinsfzomp doffierenti specied areapsignediio vi t r o nodel ,
a T cell clone ﬁ%efcii fic.for .resi duesl? 64-176 OII’) haem)%{ﬂﬁibi n }nrg.c;trheasgont ext
of I-Ek), WEWPSRasel oRGminQpsifl Seaysass: harolggy BY FEARISHTP BdRE8 % at i ve
subst i t24 i PBIEH alRERME ihcFudGhé TiRGthg bEdteRTPAl p \Vand GHOR R8HREAPCII $3B24H0/ 000198
26 acid had been nade. This substitution did not significantly interfere
with the c#saGioup Sohajphgrasspallsyalergenyinglpde ghe Timethy protein Plin daphidei n vitro
chal | enge 9{ a T £ IOIl (‘SI one with this anal ogue, no proliferation was

det ect ed al yﬁ(?ﬁ%tﬁ I'M% R secretion was naintained, as was the 5 capacity of
the cl one to hellheBresedtlinvensgro hawsidentified theiepams émtertdinighasd prdlename gr oup
denonstrated the separation of T cell-nedi at'e&iﬁéﬁl ol ysi s fr%gﬁlt oki ne

product i on allerger progeins,whighcempripe My (s Habig GFALAPItaPesd cg he

| atter Sl ' [ : : j [ I i VO was
initial :},6; é%%?\dsr% fr?%/teea%?(‘si%rlllggvhrtrfija‘;11 ?%%&{rfqbﬁge %@qﬁe?gggedrl?%gg? gnldli a Yer gic
encephal omeell piitapes lwthivtthe widjér graxd potien alisggygers atohighlyi dossereedbeta@01) Proc
Nat! Acad Sci USA 88 . 9633-9637). {Eﬂn this del EAEﬁfg%df nduced by

i nuni sat | GFPTRICARUV RN ARINTHEIOPR S5% FT X BBlE; Eiample 2. OIN%I‘§ (myelin basic
protein). Substitution at position four (lysine) with an al ani ne residue
generated a peptide which bound well to its restricting elenent (AcelAlV),
but whi ch was non-i mmunogenic in the susceptible PL/JXxSJLF1 strain and

whi ch, furthernore prevented 15 the onset of EAE when adm nistered either
before or after imunisation with the encephalitogenic peptide. Thus,

o . e B Y .




27 and Kay AB. Provocation tests and neasurenents of nediators from nast
cells and basophils in asthma and allergic rhinitis. In: Handbook of

Experi nme I | ogy (4) Chapter 127, Editor: Wir

Scientif?@658£ Ications, 1986. Thus, preferably, the iﬁgkgﬁg%gﬁmgg%?ides of
the invention are able to induce a 5 LBR in an individual who has been
sensitised to the allergens. Wether or not an individual has been
sensitised to the allergens may be determ ned by well known procedures such
as skin prick testing with solutions of allergen extracts, induction of

cut aneous LiiBematfdnl pépires Béried fom &l Blegt rédiond sMOstoRAtin a given Group

radi oal | ergosorbent test (RAST) for neasurenent of allergen specific IgE
Whet her or aresuitablgden prevanding vo treafifiagrasalleray hyxtplesisatipnity 8%t from

t r eat ment rm ned-by 1] 1.6l o] such
tests. gﬁgrlgggse%ﬁ? icgglmﬁ‘g‘ Iéé’r %X%glgﬁ?gl}/e ?Sfeg%ﬂirg%&\?/sﬁ%%éi fcotr ggéi&@l:’:ﬁkfl%ﬁ gens
means i nhi bif Tiethe or dalp ¢ pif Rye afe sulithele gorcustiis pregentapadriteating pesced by t he
allergens in appropriately sensitised i gﬂi viduals. It has been shown that T
cel I's cah BHergybydelerigatipnietheGroun | eass FHEFeERMen r ender ed unr esponsi ve.

Mor eover the angg ipté'htgféssah&' ihWrtidh s deMvel BBREME CiBlyp $ (s@ggg Nos: 1

desensitisation o atient for a particular allergen.

desensi ti sab RorandeGrolip SSEQIIDEINOSa28 to THdmass abergems. rBegomsse peptidal al | er gen
or allergen-derived peptide,,or preferabl]y an.elimnation of such a
response, 6‘Hg s%?:lmtlgﬁ a2 W%%@F“QHH%?H@X {3%[{31;% r@e@p OY%%mger“?searrag ®or

al I er gen- degfeedtdIRREIh 46 «thERfepernd 20 admi nistration nay be nmade after a
suitable period of time has elapsed to allow desensitisation to occur; this
i s pref K} afiableayo hestioytithssequsases oh thedeptidasof ghaipyentiogndadisatingthg nt er val of
around two _we [ ref ar. . . .t hough the conpositions of the

i nvention r?ﬁﬁfggé“’g%‘? goﬁo%%}g%égpgpﬁsﬁ%\ga grass allergic individual, it
shoul d be appr edWhdred compbsititue of the Govgptisn tomprises fased niave Rdlypemrles a pat i ent

it f bl e t hat fficient | trati f.th iti
s used suCHCHRA{TONLPRIBRPIGSTAL o) 95 Yoriops difretudhe SnRsEiSB Gt | be
sufficient hoLRadstds ?éakt)/odé%f}%%gﬁdé@r \Iaﬁﬁnt-lig&%bf GorSdkathpld@funthignanext

(preferably higher) dose may given, and so on. In this way the dose is
bui It ulp t vagantpsdiedtéd Hemeadi of HREQHD NAS:dftoéd; snd EQ 8V &¥Os:2diei ng a LPR

[ h [ Al th h, th fLi i de i b d
i gher Ao RO P fortiayen et Sak 1B8P SR Baf o el 0 *T e

invention FR¥, AgedsBfirdrart Rast sadapﬂmgpe'pﬁaeda wahast thiesifgfsexampk0 % or nore
of a panel of grass all erii c individuals fromthe population. WO

2010/ 08955 fmetioe2atenspElasdieonysadh ofd SEQE YOS ddo 28nBsISEEAL ar e

bl f N [ ' -9 . , 70%
R e
sensi t i 26d pohgieptidbal variam therpafi(@dr. exdinpicefunctiomabdvaridng) seleofeddram emsh are abl e

to ind LPR i i f bjects 5 b
ot er mi ned 36 SERHBIOSHI bRt GERERID s 2B - afe cBmBbSEoT my " pa
under st ood chhatisd feReRld, deRalithleb St IaAEMRLE, APIARTRI] StQedt JixCo 4t QBRI t Ope

that consists of a core 9 amno acids which are the ninimal essential
sequence r equinrpelyrfeptiddsidC vetiangs thereof(fod exampleitumsiional variantplessiacteds may al so

moy 10"t hodtit pabtas abSEOEROS Tk | b B SERL RO aB 380 10, T P ch
some regs dues mays ARlinBAdibbYE ProfeirEDedmpdsitRek bagdidnahé polgpémideodf H)he

epi tope. Accordingly, functional variants of the peptides as defined above
i ncl ude pepV onuariants thereaf tergfere inchudeghpsepvhigl comprise af dagiopmeineptide| ati ve to

t he native : | L I t ageous for
the tol er i SERERGR Qnd 816 RORARRCIIREUC AR npiBbiddelichifoPRYARAICOS | D
i nventi on @¢arorwaarisntitheresfl Ramicalatlgipreferraf cqpomrsitions ateithbse wigielntamprisesubj ect s

causes undesirable, non-tolerising inflammuatory responses. The solubility
of the peptat a8t opgpepieds 4?&”6@ 9@%@%3@&[ iaﬁgﬂ?@%éh?re%fa{}lsést 8RS BFPHdEank t he

region gont@loli§oA ol g@'ok %Qﬁﬁrﬁﬁﬁerecﬁ'aﬂﬁ% ed§ A pkhtfied d¥%eBd kB PRY be
engi neered to be nore soluble such that it conprises: 20i) Ntermnal to
t he resi dues Infomdiembalimentts, thi cahpdditers of altodelhayeginpise twostbreeofoyr x

contiguous am no acids .corr ondi to the two t | X.contiguous am no
aci ds i mmredf 1EF Pewqgéfi?ﬁ“f?élﬁ%‘f’% %38.%31 ?re%%“&f}tééhfirﬁofar@}% é‘a&gh{?g H Phe
protein fromwhich the peptide derives; and/or iit) Ctermnal to the
resi dues of the peptide which flank a T cell epitope: one to 25 six
contiguous am no acids corresponding to the one to six contiguous am no
acids imediately Ctermnal to the said residues in the sequence of the
protein fromwhich the peptide derives; or iii) both N and C term nal

Y Y b1 o o - e -, g,




WO 2010/ 089554PCT/ GB2010/ 000198 29 i) any cysteine residues in the
native sequence of the peptide are replaced with serine or 2-am nobutyric

acid; an i1) any hydrophobic residues in the i no
aci ds at@yﬁ%ﬂmﬂggﬁé term nus of the native sequence of ?EER%%B¥?§g§§;hich
are not conprised ina T cell 5 epitopé? are del eted; and/or iii) any
two consecutive am no acids conprising the sequence Asp-@y in the upto
four amno acids at the N or Ctermnus of the native sequence of the
pepti de, which are not conprised in a T cell epitope, are del eted; and/or
I V) one or @ Beptidies Her¥RIMVGIR RbDEE of OafiliStheiot 1a86RE eatboliigents, ttand/ or CL0
term nus. ‘Exanpl es of peptides engineered to inprove solubility are
Rye 09B andompagti@sanayieansist oeepnsist essenislls of peptides dertvedrfram favaul § ast oved

| T

solubility,a shown._ | .  des . I 91),
KPEVKYAVFEARL RRAT ?’%é}%&%ﬁ%ﬂ&?@%@% qfel?%&ﬂ%\%ﬁ%@%lﬁ%ﬁg . Tim
KKI PAGELQI | DRI DAK ar & br 61 61 r 6d ‘exapl s of VAT ani Sy Lh 3 mpr.ave

are preferred exanples of vari S r.que
solb u ?g |t i5: y. SEQ‘?Iglslﬁl?Q@S%edé?flozga_cgﬁlpﬁ%ﬁ}oﬁagi@F@{ o émﬁﬁf %’F%’_h PAR ) “tgt‘ﬁs HYed as
substitute : Y, M 6P Sldrdy 8 conmposition o e
i nventi on. %SBQJIE\]ISCI e1|1t? Cl g{sé and vect%llrs &y The i ndividual peptides that
make up the comPadiculaplyprefeded caupaesittonsiof thednientiontindudethgsebehighini ni st er ed
directly, or rrag%be adm ni stered ti’agfic{f(:tly by expression from an encodi ng
sequence. FOTPEYGPRS Oéc?)‘l)sﬁ?ﬁﬁ&?é Yi% may be 25 provided that encodes a
gepti dg gorﬂgi Naly) Zn qat ![eh:kal%n'bﬁrf}bﬁf_étﬂo%et. pﬁ&?*ﬁfﬁi@m}mﬁﬂbjmﬁd Q{bﬁ@ﬁﬁ%ﬂ@ti des
escri bed above. eptide conbination o e invention nay thus be
pr oducel) f tleneafias defineddieseini n t he form of a pol ynucl eoti de whi ch encodes,
and is capable ex i hi.. : L Bet ~rdelivery
or admi nistrati ?5’51 of %g%%%tﬁg |g glhgdar?%g{@%ﬁ{%ﬁ %ﬂ;ﬁr(%%/g%’tzlbb%h?%&?ﬁtoénded to
[ n?rlb'Ude t heagéhts tdtdofas giebf&&?lﬁﬁiiﬁ;\ﬁﬁdlybpﬁdsn?@m _nijst rﬁti on of OIsuc_h a p\e/\gci de
conbi nation via expression fraom n tide that encodes_it..
2010/ 089554 PCT/ @201@%@6&@@“%0? SB&&@J#@E %P&? vanaat 5 805440 des a
conposi tiop.fgy use in preventing or treating allergy to grass by

tolerisation conprising at |east one polynucleotide sequence which when
expressEd causedheseecopmdiiions provide apartenbady pictamred (iymabl peptite, aise in 5

preventing or.treati alle t rass | eri sation as d i bed above.
The i nvent ipﬁﬁwH{agléf pﬁ&gW%Lgf&yﬁpﬁ&g’&n @B%ﬂw}l@i an%arﬁ%lﬂ?,r?y re egﬁ]iﬁ P ?er ent

pol ynucl eotygiefe. RO Pidfctabl9! the @BinpE& o comprise atilkaddtwd of hldfHrée t her eof as
descri bed above; and wherein each different encoded polypegtlde i.s for

si mul t aneowslypsptides as defiiedsn ghant atdeastieno orptdenst thres\nohxneptidesrasdeingdent of
allergy to. i.n n. r N LC. aci {:.and

"pol ynucl e I?ﬁg?%llé’rreet%ﬁa@%ﬁ ¥ ﬁ?éggﬂg%%glg ?/S ﬁg%ﬁ zﬁﬁgﬁ%& %ffirlgérdqtﬁ gb'gt 1Sol ymeric
f_oL m Of%muq)bgﬁhlaﬁf@%)réferrle@ﬂlat &ﬁ@bhmp?ﬁi'tibﬂileasrlnﬂﬂm_ 3 yysﬂierDd‘ﬂ(?oI,i d)am’f ecof

ri bonucl eotides, or anal ogs _thereof. Non- g _exanples o

pol ynucl eotSE&Ej Nk 12 ad %Q&Orés@%%f%ﬁﬂ& 4rﬁesse_nger RNA (RNA) ,
CDNA, recombi “?"%Faﬁlcé%&ﬂ%d itioRk ARMRC oGRS 1 th30la86&buPHA of 15
any sequence, isolated RNA o ny sequence, nucleic acid probes, and

priners. A Tableyh s bwhtdodeposition$) @ne nvmotd efitherindividuad polypaptities of SEQ & ed or
purified f leic | d seque which * odes" sel ected

pol ypept i dg\E(g% lazrﬁjglgé?ég%jc?%a?fﬁ@em oé’%\?ﬂ‘irﬁ@ﬁb‘? Sélbfttltéﬂ?grc}ﬁ %E%Pa(n?}peﬁ? " case of
DNA)  anghk t fagshateBodintntifocase, Rur! IVNNmMbrRLE i Y pepadés FSEQIVI Vo when
pl aced under the control of appr&)rl ate 20 regul atory sequences. The

boundar i es N@:stlh2, T38i 2% 34 edfuentted pregend st epmbietionsyl & Kt egntbecodon at the 5

(am no) term nus d_a .transl atifpn st . " erm nus.
For the parpeeigedfor kg DR i iRr GEEREpFridky Grdintartobitiand & 1) T
but are notthdredhitygidallyodepeitor the fdtl mahber Pf pHlgpstridesinotuded kathyot i ¢ MRNA,

genom ¢ sequences fromviral or prokaryotic DNA or RNA, _and. even synthetic
DNA 25 sequempesition For sxamplepinicombinatiohhbased an Sy mehpePidss (be | ocated 3' to

the codipg éo%ﬁ%gngg 678! MYUE IsGRLEAES tHRE od1nk BY BN pAYp&GRRIed S SY Nt hesi sed

according to ne -
substituted for variants thereof. Alternatively, any composition comprising four or

more polypeptides selected from any of SEQ ID NOS: 1, 69, 31, 46, 2, 5, 29, 28, 43,




wel |l known in the art, as described by way of exanple in Sanbrook et al
(1989, Mol ecular Coning - a |laboratory nmanual; Cold Spring Harbor Press).
30The pol i.de nol ecul es of the present invention vided in
the for m%p@#%gé%gessi on cassette which includes contrgﬁgce%ﬁleoz@ggk
operably linked to the inserted sequend®, thus allowi ng for expression of
the peptide of the invention in WD 2010/ 089554PCT/ GB2010/ 000198 31 vivo in
a targeted subject. These expression cassettes, in turn, are typically
provided within vectors (e.g., plasmds or reconbinant viral vectors) which
are suitablsg §9n7U86,350/R 3RS tHeRlof RS Shefedfedd | MTuni zation. Such an
expression cassett€ my be admnistered ditectly to a host subject.

Al ternatively, & ventmerequefprredtorgpesitioneinyprises, sondigteongonsists assppdiadyY on may

be adm nistered to a .host ' . Pref Y ot he | vn of I is
pr epar ed ar?gﬁt?rpoi%‘?ﬁpﬁa Oé?r%gf'ﬂgﬁ%s& 552??%1818{‘%?9 og\v%ﬁm?sa%iﬁggfiect or may
be any vect@heMitbeftell Sompeatibs dinpriss SEQD HOsIf, 12, §] 28)131a9and 930r igenet i ¢

information, and allowi ng expression of a peptide of the invention. The
present § ndaseiobane.itwe or fues: dewr asxprre o5 thepe palypeptides, Naramtshsrsosdnsuch 10

I I ' T | ' f
D OE e 20 ot cRHAGRS theldbiBe haf B ER mddINBHE HO foRioitifiEng Wect or 1 or

use in preve reating a S erisation conprising
four or norfertielpphypeptidesiof do aetcommsriss ank furthee polygeptities fleniexdtfrgmoigygsept | des

of the invention and gptionally one or nore. further .po l.eqtid
sequences \HHF’&E{@%%Bfféeréﬁdqu’g?quh‘Pe’Hél%%PP%&?”&@H‘QP?%%%&#@@BR.l’flihe vect or
may conpr i %GF§,131§91 93 grt MHPURLREE drfifdoliot SERERHRS SuMhdr ProtBis 9da

di fferent polypeptides o e invention. The vector "preferably conprises a
first pddynmakemn 209 bemolegy ¢o & priteinof anespesiep of grepmentéonsd heriedber om SEQ

IDNOs 1 to 27 or a.variant thereof as descrihbed oV and ond

pol ynucl eot"‘i%mée CURRASHIODS %tcogw&%gl?hgr B%rf'yfpéﬁj?ic%&%éﬁn %%ugga??ag%% EQID
NO s 28 to of3dRivamsvari ant thereof as described above. This (first) vector
may be used 20 in conbination with one or nore other vectors providing

codi ng sequencesltednvaitiph alseprovidisyaapducy 6emprisinge i nventi on not encoded by
the first vector r - i{(nyg 155 305 that the
conpositions ano(a)pro&{lj%{’és:l%‘%d?lt ﬁréf%i[nm%ﬁ |ond}ﬁlﬁ ﬁconprllg)ggﬂg%ni?xture of

pol ypept § dgX YArMFIPDA U REATEAM SIES TirAddar @V Gal WRIDA® DKdVeim 6#Gpr ovi des a
conposi tion _or product as defined herein, 25 wherein i.rg Lace_of any one of
t he pol ypepﬂ:K&’ E%WMBQ&W%@“@%B&@P@“&“ 25 desel ﬁg &% pol ypepti de.
Expression vect qpp ar 1daiircEi SARptiES Betol FsGRAFIAMAIKKBLED)| ar

bi ol ogy and may Tor exanple involve the use of plasnm d DNA and appropriate
i ni tiators,Be02EIPMIESS WairgnBer02 CaKd S GAIWRIPRER K)sandBea@2B or exanpl e

pol yadenyl at i i ich may. be necessar nd..wWhi ch. are.positi oned
inthe corﬁé‘égﬂg?&éﬁkggﬁ(ﬁé%?frad‘&wwf%w %Q rdsélgf)crrl éase(sllhgrr?mofn 4 pepti de

of the ppventionc) O heleastbredTiR Ysgpptides Bd0WAYLK KYEVApMSEAEK),0 per sons
skilled in the art. Blg wa¥ of further exanple in this regard we refer to
Sambr ook etRyg09B (PEVKHANFEAALJIKAHED: anddBigh2 A kB YDV ENA TN EyR)be provi ded

by deliveri G L\l G PhH m t he
vector to doBrATRFEREARY KON A0 3R B G Or R R eV RO, KO s
in the inveysid QIAGRKAANAANAN APPREOEDYatidnt okary thereaf asalescriteddecpignce whi ch
is capable of providing for the expressjon of the coding sequence .by the
host cel |, Wheeinegeh @‘gfgf"é‘f‘ Pplypepii ﬁ)&’éé‘é‘i‘ {RNGRUSy SFParate Y eegpinia) PR g
refers . s 5 sgpnponents so descri bed
are con ?g?gﬁn&%@%ﬁff?&%hﬁ%ﬁl}g@ﬁnﬂgﬁég?P usulg}iﬂa%étﬁfr%?tl(?gn. Thus, 10 a given
regul atory sehefme or mochpelspeptiveninthe prodoperfahd inventidoaday be selevtest ei ¢ aci d
sequence i s capable of effectin bhe X ressLa?.n f .that se uegce when t he
proper enzyife %oﬁbee%ag}ﬁ“tmq%&ﬁ RefAbOYe Lt WBWB’&%&H"F@BE T REth the
sequence, Sfe b&’%@mﬁﬁl dritrehtGit bOBiasd Aledby BE foldrivatiG of @8 shvehtibmer eof . Thus,
for exanple, Intervening untranslated yet transcri bed sequences can be
present bet wedhridanés pronot er sequence 15 and the nucleic acid sequence and
the progpter sequence can. still o i " i " to the

codi ng g@quence.q1=lhe compstch)%)éProg?n@tg)?gﬁgglﬁ?%nﬁfggyg@gt%m%sg)rg e% described in
the art, eagdiaffs oflhgbf SEQIDANOS: T an?l. STl wiriaft typichldy cenpiises i 2B ar gene or
nucl eoti de sequence of interest operably linked to expres i0{1 (Sgblr)ol
sequences. mawd oMt rlasel gpitorss pPrsentiip theoriespanding RS’PF‘@‘F\% S]% ter
sequences and transcriptional start and term nati on sequences. The vectors
of the invention may be for exanple, plasmd, virus or phage vectors
provided with an origin of replication, optionally a pronoter for the
expression of the said pol ynucl eotide and optionally a regul ator of the
pronoter. A "plasmd" is a vector in the formof an extrachronosonal




25 vectors may contain one or nore sel ectable marker genes, for exanple an
anpicillin resistence gene in the case of a bacterial plasmd or a

resi stan r, a fungal vector. Vectors may be used i i or
exanpl e ?‘gpqﬁﬂﬁ)s%ér%ducti on of DNA or RI\gA or used to traggwebcﬁtéb%o?da?lﬁansform
a host cell, for exanple, a manmali an host cell. The vectors may al so be
adapted to be used in vivo, for exanple to allowin 30 vivo expression of

t he pol ypeptide. A "pronoter” is a nucleotide sequence which initiates and
regul ates transcription of a pol ypepti de-encodi ng pol ynucl eoti de. Pronoters
can i ncl udeyodQ@ 3020/ 089554PCT/ GB2010/ 000198 33 i nduci bl e pronoters (where
expressi on of a pol ynucl eoti de sequence operably linked to the pronoter is
i nduced by an akansticaal vastantstase mepdenaddersiy. Phchtayasiangmay pe aplede essi bl e
Proor o> SHRLSASHRLERA! B Ol B RAIC DHRI AR AARWERRSpARAIAN L] niced o
the pronoter i's repressed by an anal yte, "cofactor, regulator ot ei n,
etc.), 5 andSEQIHNOG! i veS5pranduteriswill typically nompdscsenhetce tled bings to

"promoter” or "cantrol element” ingludes full-length pr ter reqgions and
functi oral ﬂ(“es.aﬁl.e,ME@rﬁli‘%llgmtoFeéH@&“ ﬁ??%ﬁ‘?_“?ﬁmﬁefiﬁﬁgtf’?lgﬁc SHTREM®SS of these
regions.  the corfdspY dyx{g@t%ﬁé ifiGe p@P&PE&ﬁI&'&rSE@FBFNOS% 1ab 79EThddeqagser di ng to
the present i1nvention y additionally conprise a signal peptide sequence.

The si gnal ipihps capeble®f sdqusing agdinst germorsspondingssequenge imthepetisb| e | i nkage

with the propoter. such that the signal peptide is. ess facilitates
secretion BP{Tyléelﬂﬂﬂey ‘f)f"i‘rbaé& B?IIEB%P}&QWYC% ﬁ?&eréssﬂgaelﬁgégﬂ A Osfgegp(%ﬂgr;%r abl e
l'i nkage W thhtivdsolpsepime.er . Typically a signal peptide sequence

encodes a peptide of 10 to 30 amino acids for exanple 15 to 20 am no acids.
Of ten tHe am no Vagiaats o4 SEQUIRNON: Ade (P ynayderfirgmestigisrived PR taneaigncal
spruation 3 3 SiRbvREPIALS hakUfifo il A¥A R{edRifa@lds Jegari ng the
signal peptistie’ 10 e encfopl asmc reticulumof the expressing cell. The

si gnal pepipobipeptidec | Reagmehtoinhy also bh gensrateg bgone or metd mtdrmahdeketibosyi ng f or

secretion of the polypeptide via the Gol gi apparatus..Thus, pepti de of
the invent iPEﬁYlﬁiFélytgﬁtéK‘bF‘lWi9cPé‘Hn? 6°1Qﬁﬁlaﬁﬂ’iag?§n'{lgqlp’e E[?Feﬁfﬁ}tgg%ﬁsdlﬁ?f romcells
wi thin the g ndiiagyalsad 20 secretion fromthose cells.

AIternativeSPy, p(:)irj nusgl1 eotides of the invention nay be expressed in a

sui t abl B5 manner Fooexdnpoy avarkenefz8EQ D dfO:al mepromerisd a fragmenivé SEQW by an

MHC cl ass l.Lecul,e at the surface of antiQen pr nti cel For
exanpl e, all*)%:lrtr‘rﬁc? FCHECAUERSST é@éﬁ 014 %gl{sagtat%ll%ro n\?gg %ﬁwéf eeo‘%if!r)]l\l/renti on
may be tar gafifsladi@s RohitBEN-BiEHENNdR SEQ) TBNG,1 &@ffrdoh theeG{iiratifdl end of
encoded pepti de m 1be preferentially stinulated or induced_in such cells.

In some eniSéQ R - theh deletiprrcnanbs made Eopy otk prds Lt NQrl-vactor will
encode an diuvaAMsE P /D 3¢halyAlid h&iﬁ%zﬁ%ﬁl‘%é&ﬁi@ﬁfw &\éh%?é’ﬁolﬁ%héised
ref y material or conp

herein, the“term “adj uvant ers to an sition capabl e
of specid i cadueyicoof the pareBOprofeacirbmoshitly thel geptidederiveshaxtending beyonéttei ng,

L 3008, 8 e SR SRET YRR, o

i nt erest ”Banﬂ#ﬁ%ny&ﬁ@hsﬁhéa AolvE OF olfekaMipYd afind &Lidd M8y b&dd1ed Bopslked dan of a
pepti de of the 1 nvention. Such polynucl eoti des may be adm ni stered or used

in the prewsSEQID NO:tlf battadditionafamind ecidy fiom the il lepathiparent peat¢inds f or gene

delivery are known in t rt.. e, e. ’at ent Nos.,. 5 5399, 346,
5, 580, 859 éﬁ%“%?%%’é?’%%é‘.q&ﬁ%étt%‘gﬁ%ﬁ cod g STt T 188 dispiohideg
directlysi %ﬁaﬁt@ﬁbé&@l@@@lieﬁ@tﬂ]ﬁ%mm@ @s73by standard intranuscular or
intradermal injection; transdermal particle delivery; inhalation;

topical ly, or byA watgnt peptideanaysiarlude opgieroare amjge acigrsubsiimtinns diom then. The

nol ecul e al t er nat.i,vel a i @ﬁ%% i i hat have been
removed fr WA 84 jsee%'%épgﬁl‘g(}ra?&)?g% , a Oq)r{)t?)l ?/\régglﬂe%ﬁeg@lkég%r‘gssi on
cassette orlvavig@ipepti@d mhj Compreeoencohyving at lehst 6dUceduéntt ddehBiGstoat an

i ndi vidual ex vivo. Cells containing the nucleicg W nol gc e of interest
are re-int eash® EEMORR epntigEous AsEe Acidy HanyHASEQ I d PdSpM¥E can be

d . i i ko | eyo
mount ed;@g %égﬁn%]by;f?lﬁﬁgfe' \gﬁaﬁtﬁﬁ%gﬂn@setﬁ' ReaBURREI £ 16 ok RGLH §02s,, Hoe

nucl ei ¢ aci es us nmuni zati on are generally referred to
herein as 'leascB&¥ocatlEasa0%, atdesst DE%, Or at least 98Phamind 3¢ plentiyto at least 9

Cblt ant | al0ptEiay aretp sarat o) SEQIERC 8874 T B LA 1 Lo <

which will not interfere with their intended use and still be regarded as
substantially isolated. They nmay also be in a substantially purified form
in which case they will 20 generally conprise at |east 90% e.g. at |east

95% 98% or 99% of the proteins, polynucleotides, cells or dry nass of the
preparation. Antigen presenting cells (APCs) The invention enconpasses the



25 popul ation of APCs that present the peptides of the invention on their
surface, that may be subsequently used in therapy. Such a nethod may be
carried i on a sanple of cells that have been j m a
patient.q¥hégﬁw%%¥%roduced in this way therefore forn1apgﬂéﬁ#§§@w§#%al
agent that can be used in the treatmenf® or prevention of grass allergy by
tolerisation. The cells should be accepted by the 30 i mmune system of the
i ndi vi dual because they derive fromthat individual. Delivery of cells that
have been produced in this way to the individual fromwhomthey were
originall yid%'ﬂﬁ%‘ A8be SdalSit LBy EBtich bBE PRSkHe ﬂtlﬁiﬁﬁ‘i’t'igﬁfgfer%lfy_ttﬁ@cdr@vem I on.
WO 2010/ 089554PCT/°G82010/ 000198 35 For mul ati ons and conposi tions The
pepti des, pgigmubBiedovél dfaminceasididentitds evdriat legst & ¢natignousramiog agids bije

provided tg an Jjndivi | el r,sinal r . i.n c ination, ;& .ol ecul e or
cell of 5 {{fR ?ﬁlzgﬁ?qsgﬁ&dﬁyi%ggp}%\}igg)éét% talﬁ qrﬂz?a\%%%ﬁlg?’gegﬁhfn%qnat ed,
subst ant i akeysizeSsTithd psbtidpaisf dongriesn. SAErdifiglypardyyoflibé abdvedspbeifisad For

exanple, a pePti de of the_ invention may be provided to an i ndividual

subst antSi aldvglsfof édenfifyomay he agesicdhe gatielength ofjeduencst i vel y, four or nore
peptides in the I Fl L.cal her. i ng
standard pepti dgg%ggfp%?P?\Bg?eé—gég?ﬁpg?&?%ig%ggeﬁg%mggigioﬁée[@gg%tplta?ﬂ gyit:’%nt ai ni ng
t he 10 pr epaticeldrle prdfepabpepidedofithpinvemtionaral d be screened for basophil

hi stam ne rel eagse to confirm | ack of hi ' rel he
i ndi vi dual pept i aggl}tspgﬁafﬂfldﬁﬁﬁ?e‘{ﬁﬁ%éﬁm}g&mﬁ%@é%@d ides in the
CONpOSI t 1 ORyAYRRY), ﬁ%%o%%@éﬂaﬂﬁgHéﬁl Papda HhtefsiS PO &, BOHMIRMMARICHBED | - € by

reconbi nant nmedns from an encoding polynucl eotide. The four or nore
pept i de MESEQEDNQET )chattyiniglosierata, Bracigaly Lalliver peaetingdlof pde 15 separat ed by

pol ynbel cosoheECEMAKRD, SRIHNGE BRI Refrsb dR AR 1o be present ed

in raw for QGTAFGAMXICKGEEY ESEQ IPMNGETT), Zdeihys Zaa phRr maceut i cal
formul ati on. Thus, according to a further aspect of the invention, the

present inventi orignisof Biad2A (S FRNE;28E I YPYARLTERLRASEQID NR: 20
reventin r I I i lyay | [ g I b5k a

Do t 1 odSh il Mlelte, A66Y 5| RYBAFTATLSIAR SR ISNGOBIIE & 1 one

or nor el phara@se, Rl pdl; Pya pratapisaBoep 8K VDAV AALIHAIEN(SEQIH Nept8Wnal 'y one

o e O e SLabett Lo noredentorrhe, PRTEER I Ry TS bifs, aoCCPt 01 €
formul atiof,apd Het) #lel eterious to the 25 recipient thereof Typically,

carriers for 1njection, and the final fornulation, are sterile and pyrogen
free. Preferabl Wariahts of Biel3¢y (SEQ HP NG 20):i KFIPALENACKANYAA (SEQHBY nul at i on

of a conpogji.i onprisin h ept i ol ynucleotides or cells of the
i nvention M‘l 8%2 Igﬁcﬁ}segéorggﬁaﬁuéaﬁé%kﬁﬁggg&q i eauf’i cal formul ation
chenmi st7) exAPALFRAAWKIQWOUA £3SBOQ!IIDATOVSS ¢ Phieiid praslel Phigyvai | abl e to the
reasonably 30 skilled artisan. Fo osi tions containing

| t T exar‘g)le cong _ .
one or nore nol &ekirpts obTimeTH SER IPAYO; Q) il AREEQRV BKIDAMSERD WA:h one or

nor e phar i call C . i Nl .

2010/ b85S BT ERD AP RTEHORASE S PhR: Mlafen Ml 3 KIPTGELQIDIIDA (1)
wetting or (SPQIIBINGi 8%), Bolkurh perepht, hiol H &t KIPAGEQQIEDKEIAFSEQINEND: ke, nmay be
present in _the excipient or vehicle. These excj.pients, vehi and

auxi | i ary $0bdaRrtsiy BogyRRel AR ﬁﬁ&PﬁﬁE%quldglfﬁgﬂgﬂﬁ%at‘f%ﬁO?E%- not i nduce

an | mmge respoRge 'ﬂa_off@?odmgés?(gtmvd:%g?iMmmmmmm'stquN@nd 5 whi ch
may be adm nistered w thout unhdue toxicity. Pharnmaceutically acceptable
exci pi ent s 87y @hleten prlatense Pl potHdlcus lamagus, dlol | SopiISASISMSAQKL(EEQ sal i ne,

pol yet hyl e cgl., o, hyal uranigec acid, glycerol, thioglycerol and ethanol.
Phar maceut ?ﬁ%ﬁxy&ac_(@%ﬂrﬁﬁpgs’é&atps&can al so be included therein, for
exanpl e, m ner alvaaghd of Bet®C B N 8).0¢ B WiG AIBRSRIDYPDRASE0 BENO:

phosphates, sulfates, and the like; 10 and the salts of organic acids such
as acet at e$9), thalaris aquatisa, Bhalach atldeum peatenset Y p land the |ike. A thorough
di scussipn of pRar eyt b) 8. e! i

auxi | i aérd; subst gﬁr%%nggiogﬁg\glgélé g%]f(gﬁ?ﬁ\g(%eziﬁ n@gﬁggﬁgﬁﬁ&‘f%ﬁ@ﬁg@? ences
(Mack Pub. N@».90)N°hleurd PBitgnse Rt conposi tions may be prepared, packaged, or
sold in a formsuitable for 15 bolus adm nistration or for continuous

adm ni stration. Injectable conpositions may be prepared, packaged, or sold
in unit dosage form such as in anmpoules or in nmulti-dose containers
containing a preservative. Conpositions include, but are not limted to,
suspensi ons, solutions, enulsions in oily or aqueous vehicles, pastes, and
i npl ant abl e sust ai ned-rel ease or bi odegradabl e fornul ations. Such
conpositions may 20 further conprise one or nore additional ingredients

e T




suspensi on or solution may be formul ated according to the known art, and
may conprise, in addition to the active ingredient, additional ingredients
such as ty 2910?0%955? ng agents, wetting agents, or suspepgiRGBH500Ds

descri bed herein. Such sterile 30 injectable fornulations nay be prepared
using a non-toxic parenterally-accept able diluent or solvent, such as water
or 1,3-butane diol, for exanple. O her acceptable WO

2010/ 089554PCT/ G3B2010/ 000198 37 diluents and sol vents include, but are not
limted to, Ringer's solution, isotonic sodiumchloride solution, and fixed
oi I's such as synhgtSED MHND:974 8 9QhdeGREfeHes varkdnieWhich may be used as

parental | y-adm ni strabl e conpositions which are useful include those which
conpri se t substigutes/for thecpbeyi¢ ativeinsphidesin @cpmpasitipmeaf the iyentipn. Othem osonal
preparatio rr‘éfe%ec? (larﬁﬁl{safo? R%R%&%g{id&foﬁh@fnggrﬁg{naa?@%r?veaﬁmaiz%y stemns.
Conpositi ons ToOr sustalned r ase or 1 nplantation may conprise

phar maceut iatledgkiys. MiapilRbiens have/ctosd lmwnarlody rgrads pollen afidrgerisand ssuch as an
enul sion, an ion exc,hantgre resin, a sparingly so] ubl ,eq&ol émar., or a
sparingly $eAusRees derived frapimaRige My SPYAI HESSTERIVE EBIHES G PSFitic eot i des of

t he presenttolgilq%%hia NndBYasPolith ARg@APSul ated, adsorbed to, or associated
with, particulate carriers. "Suitabl€ particulate carriers include those
derived from pollypereytiomwithaorind adid speyeess sequescandentity$ refersto

' ticl deriyved, f | acti.d | y(l | de- | lid .
See. o g, SyBRpRE nre s B VaRE e Rt B R uBE W FRESNERT (TR ¢
systens andg) PRIMNRIpEa)GRith e FOlIRRinE pahmeke?s: exanpl e, pol ymers such as 15

pol yl ysi ne, pol yarginine, polyornithine, sperm ne, spermdine, as well as
conj ugat®s Pefrwissadignmentenaganaesers -MethodTagsurase, AMAEK Mﬁbﬁaﬁwe@pmw=

pepti des, | WnECl 1 d Qr 1.C 3 o) | L1 ) on
factors sugﬁ‘(ﬁa{)s&?l Iﬁg’gt%% l(gxfgel{(’)a%&ﬁiéé’s%g#gngwg{ﬁﬁ%n%{sh%%@’?err y. Any
such subst ahpepeR peldtyadiiO0) %lidsneity fon dalay 230, Peyalizk eddgage ohoGaE. 1t 20 may

be adm nistered orally (e.g. as tablets, troches, | ozlen_ ef aeg eous or oily
suspensi onseraiatiopehsiaines 0, gaatve Mty nQnGPR SYlensighpena t}’%- O Resioer al 1y,
subcut aneo | td ' v, At iUk didues:

i ntraster n§?%dyf,‘lc ?%%@ggifﬁa [1031’}]#%1%0%?%?#5{65 Iggbl ?dnpggal I y,S i r?gt ranasal l y,
buccal | 15 otGRENDQEKR. Saquench niequysat a Pasicslab sesadve és imtanded tooinblkdedni ni st er ed

as supposi tories. A.physi.cian 25 wll be abl.e to determ ne the required
route of ad%‘ﬂfétr?%g‘%éﬁ"i?é}ﬁ%’ﬁ@ﬁn arl}ef’%g?ré‘fa_uz? di vi dual . The conposi tions
or formul ations p{addnepéptide Mdyddmirlst 1c2MuUi $6r Mosd)of apte1 CankRHcidat i on of
each peptide/ pol ynucl eotide/cell to be effective wt hout causi ngh;dver se

reaction. TFybititutiang fromhanycef g NS tof73e Suhstputien walants Rrefsrabbhposi ti on

30 will be.in,the ra : aVRr i-n_ the
ange of 0.8 s BaaSimRn O b R RPjerdd wiplliSaRE BLARER oy 10
200nnol 201l a6ids 3fd tmakihgQondDyAvE @GO aGd BbELtifdfidfd. OF G aMBle3 8n amidlod/ avid The
conposition or, formul atiaons shoul d have a purity aof .greater. than 95% or 98%
or a purit ynaybeubstiyted vgtugn alternativg agino éfb‘tm%)?m?]%éplioﬁ?é‘ﬁf’i 8h an

adj uvant u i i ; i : : : ;

ol ypent i o8k AP ARt BeGe AMAAL Apihkacidle amino acd. spother peutal aming

pr ef er abl y abidaemitidrshearged amimoearid moother hyirephilicaminbfactd, emithéro augnent t he
effect of the polypeptide/pol ynucl eotides/cells of the inventiaon or vice
ver sa. Thethé(afot?g%%p n%%%g@gﬂg;% aﬁﬁql’@‘)é‘@@n?“%? AEmalie aNAR ACIEYPL

pot ent i 8§ esinbiher Affhaks smlo dcie STRhESBbEtis of the 20 AN hmBid. ackRIwig¥iasa e, the
ot her agent may be an i nmunonodul atory nol ecul e or an adj uvant which
enhances t the usedioonkset sutablssupsibeangearp ps fdlowspf the i nvention. 10l n one
enbodi ment, therefore, the peptides, polynucleotides, cells or conpositions
of the invention are used for therapy in conbination with one or nore other

therapeuti ¢ajagentfiphdfie t?ﬂﬁjl’ph%i&%uﬁﬁl aded ni wvefopHolsiepRuARE! Y,
simultaneolsly or sequenfially. They be Adm nistered in the sane or

7

different d@sposipdlanbydraphabidinegtral, i s neiphbd hydraphdid, newradi on, |t he

subj ect may—alsohbetreatedwith—ath—turthet—therapeuttc—agent—=A
conposi ti off*$Pay e hydraphilics BrrasA ADe i ¢ RYARPONEAEUTal o ecul e and/ or
cell of thegnventi SO N LE O 'ecul es. A
conposi tion 11l)lf t r;%dl%\l}gzﬁtgp@k&n%@&%fi?& n@%li vep\gﬁg’eﬁyggg E{J% gagﬁeousl Y,
sequentially or separately with one or nore other therapeutic conpositions
as part of a conbined 20 treatnent. Non-limting exanpl es of adjuvants
include vitamn D, rapanycin and gl ucocorticoid steroids such as

dexanet hasone, fluticasone, budesoni de, nometasone, becl onet hasone,
hydrocorti sone, cortisone acetate, prednisone, prednisolone,

met hyl predni sol one, bet anet hasone and trianti nol one. A preferred 25




Ther apeuti c nmethods and individual to be treated The present invention

rel ates to peptides, polynucleotides, vectors and cells that are capabl e of
desensitn&bgg(ﬂm9égler|S|ng human individuals to the al bergghseRfdoRgscri bed
above and are therefore useful in the ? evention or treatnment of grass
allergy. The invention provides conposftions, products, vectors and .

formul ations for use in preventing or treating allergy to grass by

tol erisation. The conpositions of the W) 2010/ 089554PCT/ GB2010/ 000198 39
invention may be used to reduce allergic synptons or inprove the condition
of an allepgic | ndbmhtklaldropRsbié, heaihll PRgal Spot Ry iFpsilR, dRESAd-+9T
tol erisinglor desensitizing a grass al ernnc ndi vi dual conprising
admi ni st er [Giy, elaillphatlcs newtal or | n corrSﬁnatl pnlar,ﬂne'drophlllc neutral

pol ypept i destpelyructeotidestcet fe—tfventio gescrt+ped—5jabove.
The i ndi vi fial  t @remas eakeedvdro Pbﬁlfw dET wi tﬁo%élyé’d’ﬁﬁl%’& Bl or

formul ati oh of tlyflf,}gt@ _p)tl on is preferpbly human. It will be appregiated
that the individl 0 be treated may be knolvm_t_o_be_s_ensj_t_i_seﬂ_t_o_the
al I 'ergens, [lat ri sdtiphétid)bydrgplsehi inkutsad|Val suahﬁmhe,dmiiop@mbmgnwm t|i sed.

The |nd| Vi han hn test nrl 'Fnr Senst HIP--X P

d’u‘a‘l_eﬁ LA %1 I u I H .LU C J A NERE] V\Bl |
known in th¥Sart Hﬂlﬁi %)?r‘éig%]é? churged(d) ol Al promalic; Ry hog’r?en?‘ﬁ’aﬁ‘fw dual may
have a fanypty s T . ryjto test
an i ndivi d.TTS?I f ol hgtlclj t’ﬁ%tﬁytn[g&ﬁgas becatﬁ)@lfﬂ[g&ll h§¥ guai@rra\, di spl ay

synptons of allergy when exposed to grass. By exposure is nmeant proximty
to, for exarrpl e a grass plan a substance, of rodu?t derived froma

grass plant, r Fyrthey @GB@ﬁM‘@edhoﬁﬁrlbmh @%@%?ﬁ*#‘%ﬁa@? WOSPT8ENg eit her
of the abox&m &‘?dﬁ‘é'%ﬁhﬁ%y&%%h}l(ﬁ{ U irlffelsy ntégry&rueﬁ@ﬁ%nabgnt i's

typically grass po y 1s nmeant 10 nmetres or 5 netres
or |ess, 2theedafeAmito doddssysed imthe Isequencdsanay, alew b@mnétﬁedse grlabaliele itens

descri bed abov f oaller can. i e itch es,4./unny nose,
breat hi iy 8FF¥ 18%%%@"“‘%%%“?‘3&%‘18% I??tﬁlrg“&c “Fﬁsgyy% ddual to be

treated mayyhQge tfe 1p'é HAEBE-a JSGUENEE that Pﬁﬁ‘és%cﬁﬂlt% sehﬁ@lcb oy SRSEQMBY be in
t he age group of o0 90, 5to 60, 10 to 40, or nore preferabI{ 18 to 35.

Pref er abl y NQ$id tpﬁlelacftﬁmenbthb@Of tesubatifugony waY acqws peross the Aull leagthhas MHC

allele fre ci es vvlt he ran f fr t resentative
of the 25 &ﬁ’fﬁgﬂlﬁq(’% Ehe Sﬁqufiﬂg 8fe of épﬁog:i}? all\ﬁ Sonlh'gjl 7I3e r%uisideéqtﬁgnm es for
11 comon kiEEnéd dfedn offSEd lDEN(Er.etsmeHot dskailiqﬂlé ehefvdriadbas dasoribddLA Fact s

Book, Parham and Barber). Table A DRB1 1.3 4 11 12 13 14 15 16 % 6.4
10 herein, such as additions, deletions, substitutions and mod1 ications, may occur

within the sequence of any of SEQ ID NOS: 1 to 73. A variant peptide may
comprise or consist essentially of the amino acid sequence of any of SEQ ID NOS: 1
to 73 in which one, two, three, four or more amino acid substitutions have been
made. A variant peptide may comprise a fragment of the parent protein that is larger
15 than any of SEQ ID NOS: 1 to 73. In this embodiment, the variations described
herein, such as substitutions and modifications, may occur within and/or outside the
sequence of any of SEQ ID NOS: 1 to 73.
The variant peptides of the invention are 9 to 30 amino acids in length
inclusive. Preferably, they may be from 9 to 20 or more preferably 13 to 17 amino
20 acids in length. The peptides may be the same length as the peptide sequences in any
one of SEQ ID NOS: 1 to 73.
The peptides may be chemically derived from the polypeptide allergen, for
example by proteolytic cleavage or can be derived in an intellectual sense from the

polypeptide allergen, for example by making use of the amino acid sequence of the



14.7 15.7 8.8 3.4 8.3 3.9 14.7 2.9 17.6 2.5 WO

2010/ 089554PCT/ G3B2010/ 000198 40 Reference population %9.4 11.1 12.8 13.2
3.7 13.4 ¢ %0110?58;55;;. 2 10.7 3.6 Reference frequenci es Wgr-¢,GBhlddeRsPY

anal ysi s o? mul t1ple studies reporting {requenci es and the t1gures shown
are nean values. Preferably therefore, “the individual to be treated is from
a popul ation that has equivalent MHC allele 5 frequencies as the reference
popul ation for the alleles referred to Table A (such as for at least 1, 2,
3, 4, 5 or all of the alleles), for exanple within the ranges of those
figures pl pslypeptideriliergkn ardd synthexisiddpeplideObaseddm the sequenke ifeptiddd nmay he

i ndividual is froma popul ation where the allele frequencies of the

fol | owi ng brenthesisedaisinganethogdswell kowndndhe ay, 7 - at | east 10% 11 - at

| east 8% e IRYAT : . - if QL | east 2
weeks, 1 nonth, %Q?r%dr#t}ﬂ;sei‘ ﬂl%%%@%rﬁgxggg@?ﬂrﬁgﬁ%&%@ﬁ'ﬁg%ﬁa@glgﬁ% er from
a rash, naamjoined e peptide, (-CO-NH-) linkages but also molecules in which the peptide

5 bond is reversed. Such retro-inverso peptidomimetics may be made using methods
known in the art, for example such as those described in Meziere et al (1997) J.
Immunol.159, 3230-3237. This approach involves making pseudopeptides containing
changes involving the backbone, and not the orientation of side chains. Meziere ef al
(1997) show that, at least for MHC class II and T helper cell responses, these

10 pseudopeptides are useful. Retro-inverse peptides, which contain NH-CO bonds
instead of CO-NH peptide bonds, are much more resistant to proteolysis.

Similarly, the peptide bond may be dispensed with altogether provided that
an appropriate linker moiety which retains the spacing between the carbon atoms of
the amino acid residues is used; it is particularly preferred if the linker moiety has

15 substantially the same charge distribution and substantially the same planarity as a
peptide bond. It will also be appreciated that the peptide may conveniently be
blocked at its N-or C-terminus so as to help reduce susceptibility to exoproteolytic
digestion. For example, the N-terminal amino group of the peptides may be
protected by reacting with a carboxylic acid and the C-terminal carboxyl group of the

20 peptide may be protected by reacting with an amine. Other examples of
modifications include glycosylation and phosphorylation. Another potential
modification is that hydrogens on the side chain amines of R or K may be replaced
with methylene groups (-NH; — -NH(Me) or -N(Me),). _

Analogues of peptides according to the invention may also include peptide

25 variants that increase or decrease the peptide’s half-life in vivo. Examples of
analogues capable of increasing the half-life of peptides used according to the
invention include peptoid analogues of the peptides, D-amino acid deri\fatives of the
péptides, and peptide-peptoid hybrids. A further embodiment of the variant
polypeptides used according to the invention comprises D-amino acid forms of the

30 polypeptide. The preparation of polypeptides using D-amino acids rather than L-
amino acids greatly decreases any unwanted breakdown of such an agent by normal

metabolic processes, decreasing the amounts of agent which needs to be



15 nasal di scharge and/or coughi ng caused by the allergy. The individual
may or may not have been admi nistered with other conpositions/conpounds
which tr |l ergy. The individual may live in a i regi on
whi ch ha??b}ggﬂ%%%gerate climte, and/gﬁ: - a typical Sg??R%ﬁ@ﬁﬁh? g range
of about 3.5, 4 or 4.5 to about 5.5, 6, 7 or 8; and/or 20 - a nean annual
precipitation no | ess than about 9, 10, 11, 12, 13, 14, 15, 16, 17 18, 19
or 20cm per year and no greater than about 180cm 250cm 300cm 400cm or
500cm per year; and/or - an annual mninmumtenperature of no |less than
about -5C, adéhnisterdd, aloSwith 1K fréifuendyGof iRGdndfistrdforor 5C and/ or 25 - an
annual maxi mum tenperature Qf no greater .than about 35C, gout 0C, about
29C, about 28C. 4B GERtdEr Erovidast by Bepreashsinversen masdgdenied MABICD3C or

about 22C, £ the bhi@ft Bl bl dyahRIAEhePieBPMterilivRQplitingNd about
B0 outh VEREbEhe paht HlREChA (ORI Eehellicd P Hlcrifliva B8y i cal | y
suf f ers f r ofithel frismayy traoscgiptsssicoding thegrarént praieinsbaisen Thapeptislesimey atsppi cal | y
correspaonds to.the.flowering,season of grass, which i.s . typically sunmer,
prefera y%SQF‘I"V g grid ?@&W%ﬂ%\?&w 5 and ofhr?}lgﬁvea?%rt her n

hem spher eleQvativa 6f the PaRAt HoRinEWRIOR kQaifue 1Eaét AnMEACH-BiB@ingiplodie Jfor t hern 5
hem sphere). The grass allergic individual is typically allergic to grass

pol | en. Cotiisi allergens Exemplay deriegsivesinetudempeigculesavhareindhepentidespf e gi c, or

may require. d nsitizin ver gl hepid ng I urrent
Mventi'on PS50 BoichEaCRL, RSl b BRI LS AT B G 2

al | ergi c t apprapiiatenteansivithansoiety lohe@ thaceniatinally oeclriing amirionatid iFdther t o a
first pol ypeptide antigen or allergen c E create in the jndjvidual a

"t ol er ofenitcledediaropatanily ogfEriag ﬁamaﬁlasp%t?t ?)P?TS{“_ePfP'iﬁmrf%“‘Pde’é‘ €&t t o ot her
antigens C%ﬂw@.e fsﬁawca%lt ﬁ{ag%e'eﬂc&{quw& ahglueri@vmt bPlepfABSnlaRe ARG

anti gens. I's finding neans that i1 ndifviduals allergic to nultiple

al | ergens eplicihgevdrtant.reated in a greatly reduced time period, and that

i ndi vidual s seripusly allergic to so al | er s.(e. peanut s) .but nore
mldly allergic f%%%ﬁéfiesﬁpgﬁ‘fﬁl&ﬁ_”(‘aé’. .Preﬁaégfa'ﬁ?fg%sry%ﬂ?ﬁ Ogﬂﬁé?e?pflg‘? rom a
therapy whef By BodtopRUadtdh thedifibfion beRherbtht PEEdR is $n RE6ABInaANREMand t hen
this tol erogenic environnent is used to provide tolerance to the other,

nor e exty emsingthesknpem teghniquedof bigg ditepigil Miuwagenesis Garfdon mytaReRATiSapr
aut oi nmmune 20 di.sorder wh r 1 F1on ensitised (or otherw se
i nmune) toemaﬁurcecll%at%%%e ?(r?{(%glggnaﬁ%?og#l ctla%%eérﬁld%an benefit froma treatnent

regi me wherein eh&oaditee withttheinvarttdnattedufhdriope or afor@pdpridgethat thef i r st
established and then this tolerogenic environnent is used

L | rovide
ol or ance. COmPAUTISRISHRPRGEN 6 SUAraDRCF IRl TaalscmRnan SEa DAYBS: . 25
nethod is yhgref %&rig,gggggﬁgieé e %&%&ldéd SHIBSF RS Sin3nbfiln@i ¢ 1 ndi vi dual

to grass allergen as ed above a ne or nore further different
pol ypep2( deesponhseqgdn partithiar, tetyhody batagiabke, ofiimluginfg a lste phasqprespahse m &t ering to

t he individual. a canposition/prgduct/fornulation (pri conpQqsi tion)
accor di ng f?fﬂYlﬂEali Vﬂ{t}ggﬁaf%ﬂﬁé@}) dﬁé‘% May 2’8 t%qugqyntﬁg ﬁé‘?%‘gﬁé%’/ Rel?t%%

admi ni st r athdide TceAPrblifefhtioH in 4 BarfplBRA TS OMRtHolk 6f RBling e GRTMRfiH 6f 2
hypor esponsi ve staté agai nst Er ass allergen. Once a hyporesponsive state

has been edtcedlnrelifstationwes wely &l the pgand ope suph methed isexemplified Bwar d

desensitisation,h Qecunred, t i 4 el I

secondary %ﬁ&l@%ﬁ%ﬁ%’&%&/@%ﬁ %g%%g%éidg%an%%% %Hll%hfgatgrsr% iI‘s)‘:;erlllgl a
second, 24i pk@ifention i speRt 2012 Giat@Ps’ of T oshts,obhdréia ehtltiaviple Bl obitsindd be
sensitised. Administration of the secondary conposition is carried out in

such a way [ difterent grassialigigisdedigidugly an ths nopplgian-c Thscampnsitions oE8icap i shed
o Y ) gt ' R ek ol oh
y use of RenRbd gl%;p\ef%fggaggp%w%f ifE 7 Lol froRRARATR BBbE of MoRST abl i S

t ol erance erent polFypepti de antigen. e secondary
conposi t i osamples ofTrelis shiteined frait df agpanblesf grims allergsd ingividmalsy Moreposi ti on or

a larger fragne f the grass allergen(s). .By "coadm.nistered. it is meant
Gi ther  t he PEStREPbafl GaERORIGENEE CRRAE SiRAILS F 46N BIPLIRGon IgSehOt et wo
are presenindd, 40°% & &te MOS0 b4, 85 KIGOAATEETEHEDS %, SERABEYE, or 90

conpositions at nearly the sane tinme but at different sites, as well as the
del i very of% or more of samples obtained from sensitized individuals in a panel.



10 pol ypeptide antigens in separate conpositions at different times. For
exanpl e, the secondary conposi tion nmay be delivered prior to or subsequent
to delivegy 8o %pfs 4first conposition at the same or a dﬂ:frﬁ}%?ﬂfom%bfﬁ The
timng between iveries can range frgg about several seconds apart

about several mnutes apart, several rs apart, or even several days
apart. Furthernore, different delivery nethods can be 15 enpl oyed.

Cl asses of suitable allergens include, but are not limted to dust mte

al I ergens, pollens, aninmal dander (especially cat dander), grasses, nolds,
dusts, anti bi ot iThe coﬁlbbﬂﬁbﬁhgnhyléle@be vapablesof indiing ¥/ éphifitant eéleB\oif r onnent al
(incl ud| ng chemcals and netals), drug and food al | ergens. Commobn tree

al | ergens oRe PLIBErEXYIlangse prstarallininchedins prer mpwAfilaerieoagamma ch,  mapl e,
oak, elm ) g’?‘ﬂ“i Ll r de t hose
from rrugv\olrﬂtlt%‘?lg%%g dEﬁg I'S I{?fghs‘i arn, sc}rmr:é]l]lrg lonh eﬂtﬁgﬂg?dé\{}egg pl ant
contact al limligdnss lma:banée Ahs:gmﬁf:m’frrqhmsenraycbald,etqumrredlbylcmyermrminﬂat tles;

comon ass al l ergens inclu g TlnDth Johnson, da, fescue
and bl ugeu’gr é%g‘ahﬁqséﬁ%@“éfgd thrﬁ éFIS &8 nB@“X%"'Bi’J‘E%ﬁ%& from

mol ds or f yRgking4CRlease &¥ dnRlop %{dré‘cytgléi%@sf 1an3% b%@ﬁ.d Q094 FinoASASRAIdol Us,

M cropol yspora, Micor and thernophilic actinonycetes; epidernal all ergens

can be obt &,$8d%f 60, hd U086, BY Yald &@c&és"ztﬁ,sor(%)%mmqryo sameples obiained gi n) |

f |
a1 1 or gena R SRR O AR LTh py B R RN g PRRTRE et FC )

seaf ood ( e afergicifdivitRlalsfrhghbe ar@&ﬁlmﬁéegﬂ:awﬂ ‘ﬂl@ﬂ dﬂeefd)r ak lg ahlkeastQQRRN
environnental allergens include netals (nickel and gold), chem cals

(f or mal Hehy8el5, 2P H). SPobhonat leastd 00 indbeidvalqe) | Lat ex, rubber, fiber (cotton

or wool), burla

2010/ 089554PCT/ %ﬁ@%‘@%ﬁ&f@?ﬁgﬁ%ﬁﬁéﬁ g&;{g‘r’]‘g&&é cl?\r/%\np%%n opfeadtothe ens
i ncl ude | ocdkasan€histantine framcbasaphilsydr atast edll premalmnsinﬁm bisatsitisedl | er gens
i ncl ude peni tetracycline .and.sul f onam de ns, and conmon

illin
i nsect all &Cﬁ%‘ﬁgan AeeTfRanResomgRistanying 1g S%&waie gﬁ&?@&&%“’ﬁal yX
al | ergens. 4By Adtehthsd st ghifiGnt mﬁbﬁr{t%fﬁﬁﬂaﬁﬁ&e RIdeatRaRa. iSiElificat hidiamias € 5 not
limted to, the major cat allergen Fe! d 1, bee venom phospholipase A2
( PLA) (Mdlrde@t: nzdy. be(cbagigyred to bé the relagsgaf 2098or1r8 G- Of@a}:zt)otal byailghlepol | en

al I ergen B Bauer e 541), and
the murci -dpbene PR SnsR aeabPR el aibbRes O Piam By lssertnupa?%-(1997)

| mmunol ogy vwifk A&migositionan birkdl| Ambimariedieidigictypicaley hasei dpprasmaee derived
fromthe allergens; cat 10 dander pr ot7e| n Fel d 1; House dust mite proteins
Der p 1, Déukgcyte histanpag contont okl GARHH0 selsein amb a 1.1, a 1.2, a 1.3 or a
1. 4, Rye gr ass s PMp 1
and Ph! p 5; Ber%%u aégfﬁréés&s?ép O%lg?oﬁ%&ﬁ“gd@]%lﬁ Egpflg&éal éﬁnatgdgr ot ei ns
At a 120 Alséleete&amcﬁlﬁgltd lassv( diiiteria W?t];unll sirgdie pepﬁdeitlmerBelte certdinand P14,

Ge Cock t 2 3,,.Bl.a 4, Bl 5 15
an(r:I maBIna gC 6‘25“&‘}@\)08‘1“% 5 ns@t%to,&%{di{}g F&J@'g q\éﬁk{a‘ﬁ‘?ﬁg‘fl} @nﬂﬂngt Qdye &y g 1 and
Sal k 2; p%ﬁ{&" }esﬁfu%s thi]oh if¥efachwhth }@'bé\rvs.'nzﬁ)le ﬁrgi’orﬁ of the¥ Belhreteptéy @XlﬂmG pl ant

profilins or lipid transfer proteins or a human | eukocyte antigen.
These and et @il 9&1)iNawime 324 TIér@ens are comercially avail abI e and/or can be

readily prepare tragts foll.own hni gues Pref rably, the
second pol ypept Sﬁ@%&%ﬁ g@H"ﬁ %ong-llaxrnggg i ml%ch Og 1t aﬁtll%%g ety ﬁ
fragments me&ddasdsiratet avtioh Per@irdss dapdndefS OO cdl /%ivatadd ogen fr ag ment
selected fromthe |ist of grass allergen sequences indexed by database

accessi on rubsbiEtionafemivenneptide gpeidagsyang p § whighdiagevhad\en ormoree

Nat i onal 020 ReshBE GRS Sl PR BftRAholiBo Rl dpiaPlolhs 10 1T
t he dat abasavédemdstraed phéfoundeffsuts upwi theprocesstof Jooell. acAbdtmngEvavs)hh&e nces

i ndexed by dat abase _accession nunbers. 752%29%77 Dac ¢ R 5139988 Dac g 1,
75232276 Ddvleg (19913 Naiyg 352:054087 0) demygnsirp Sélsﬁ%féatbmlo 3303 Dac g

5, 75163399 J@feQfon 4nd 6199 Stioh, In-fiLAhifo Bifded aT ceitdens
1442312%9[3&Hﬁ iy mil?lgs'?t c 1u11 5860384 Hol 1 fga4fi7o3 %% 1 1 1167836
Hol 1 1, 1cfeeeﬁau¢scﬂ4 16 ofhazﬁﬁu@m &mhelcoe;exwﬂ BH1ea0dedsued™ids2010/ 000198
44 2266623 Hol .1 5, 751720: 03 98037 Hol 15,
11991229 HEEPY esana@%%gw @ Cfn%emgiys %WQ?D afg%a“g}g? pagiq
75219009 Hor v 5, 126385 Lol p 1, 168314 Lo! p 1 , 6599300 Lol p 1,

75274600 Lot p 1, 168316 Lo! p 1, 3210053 Lol p 1, 3210049 Lot p 1, 3210047
Lo! p 1, 3210050 Lo! p 1, 3210044



5 Lol p 1, 3210043 Lol p 1, 3210041 Lol p 1, 3210039 Lol p 1, 3210037 Lol p
1, 3210036 Lol p 1, 3210035 Lol p 1, 3210034 Lol p 1,3210033 Lol

3210032 10030 Lo! p 1, 100636 Lo! p 1320616 14 Lo

b 1, 100?@92Eg%mg% . 100636 Lo! p 1, 3%@614 Lol p 1, 1okggfﬁf3“mﬁa%§ 126386
Lo! p 2a, 126387 Lol p 3,2498581 Lol a, 4416516 Lot p5 a, 485371 Lol p5
a, 100639 Lo! p5 a, 10 3409495 Lol p5 a, 3409494 Lot p5 a, 3409493 Lol p5 a
, 3409489 Lol p5 a, 3409488 Lol p 5 a, 3409487 Lol p 5 a, 3409486 Lol p 5
a, 3409484 Lol p 5 a, 3409483 Lol p 5 a, 3409481 Lo! p 5 a, 3409479 Lot p 5
a, 3409478 abt@haﬂ béeramawq%mbmhum Bidanot H4ATAZRsLdterferGwith tRAGPAAE Lol p 5
a, 3409474 Lol a, 3409473 lo! p 5 a 3409472 Lo! p 5 a, 3409471 Lol p 5
a, 34094700E8Pfﬁabgw=KTen@KDbE69 Lol p 5 a, 3409468 Lo! p 5 a, 3409467 Lo!

s o szio00s (1R g ORSRRT P-81 Aor BB o 2210002 Lo
5

a, 321p6fiferatibn pabdetecta® AHRAGH [Hi4 qacﬁtlan “aairem&enmlaspvae the, 3210010 Lol

' 3210011 Lol , 12 Lol 210013 L 5 a. 3210014 L
D 2 5 ety of tf dori'to BapIb eabEspuRes pon sbs it Boy 4R Beerodn 10010
Lol p5 a, 3haRdfitddohe E’e':pa?atloﬁ%lchL%ﬁ rhéthatﬁd 5.yt%lys?$2fi1(993 okfMe pPodicBlen.3210023

Lol p 5 a, 3210024 Lol p 5 a, 3210025 Lol p 5 'a, 3210026 Lo! p 5 a, 542129
Lot p 5 a, Imﬂesse@n@oﬂwﬁben@neemoedenmumuiphﬂeﬂw13360@81umau .Bhp, 542131

Lol p 5 b, 5 88f€;{ge a l663 467. Lo! Ecﬂ é5528§r t_gt Q i soform 9,
To82049 Loeiacy of Ak heide g hrapshtifty 556 abdin B MBS "ha7 261,
687259 17ﬁioﬂéﬁof@&ﬁ@é@%mnﬁﬁﬁh?ﬁl%rgi@%ﬁ&@phaloﬁ@%hﬁ@ byEMIRD20itt shAQ6REzuE26029;
542132; 320616; 320615: 320614; 100638: 100634:; 82450: 626028: 100639;

283345 1054 $Smiek iz {H93) ProrgNatbAcad) Heid 657y 88 18985963 7)obghsanodst Eddzis 515377

226073 Siaee: CLIBBYmSRvi P hBspitbdnhe pEoR el PERLME artfa

1246116 Phasdc protd)l B0Bstititiun at pbsitid IA0 Z sk pwith An a&ﬁﬂr&&éﬁdtﬁ"@n&raﬁd 3210029
Pha a 1, 82450 Pha 28 Pha a 1, 2498580 Pha 579 Pha a

5, 2498578 pwap%gﬂswgi&éésﬁ Y—V’ﬁ]ét‘h“%mti‘f%&%nﬁﬂ’a&}? 33551 9h Wﬁ%tn‘b“ 5

1246118  4%PhaoRer inkREGLItIIEPL/ 125 3499480 Raavich FAARIAR: Rede

3409490 Pha p 5, 1171008 Phi- p 1,28373838 Phi p 28373839 Phi 1 473360
Phi p 11 B9 UHOseRH] EAE when E&RREOCRY either befge gxmm mnmnpﬁamommttl Phi p

phi p 5. 15useNeBoBe padesRobsighelih endlipd in SRS vty Aoy oy

PS, 16847 Z%dqiﬂlhtg 09 theARPAdasI6 ifthice RafBousIRAR30 0P Leefls.S, 3309041 Phi p 3,
739542 Phi 309047 Phl p 5, 3309045 Phi_ p 5, 3309043 Phi p 5, 3135503
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More preferably, the compositions are capable of inducing a LPR in 55% or more, 60
% or more, 65 % or more, 70% or more, 75% or more, 80% or more, 85% or more,
or 90 % or more of sensitized individuals in a panel. Whether or not the
compositions are able to induce a LPR in a certain percentage of a panel of subjects

5 can be determined by methods which are well known in the art.

It will be understood that the peptides of the invention comprise a T cell
epitope that consists of a core 9 amino acids which are the minimal essential
sequence required for MHC class II binding. However, the peptides may also
comprise additional residues flanking the core 9 amino acids. The peptides may

10 therefore comprise a region containing a T cell epitope, in which some residues may
be modified without affecting the function of the epitope. Accordingly, functional
variants of the peptides as defined above include peptides which are altered to
improve their solubility relative to the native sequence of the peptides. Improved
solubility is advantageous for the tolerisation of subjects to allergens from which the

15 peptides of the invention derive, since administration of poorly soluble agents to
subjects causes undesirable, non-tolerising inflammatory responses. The solubility
of the peptides may be improved by altering the residues which flank the region
containing a T cell epitope. A peptide of the invention may be engineered to be more
soluble such that it comprises:

20 i) N terminal to the residues of the peptide which flank a T cell epitope: one to
six contiguous amino acids corresponding to the two to six contiguous amino acids
immediately N terminal to said residues in the sequence of the protein from which
the peptide derives; and/or

ii) C terminal to the residues of the peptide which flank a T cell epitope: one to

25  six contiguous amino acids corresponding to the one to six contiguous amino acids
immediately C terminal to the said residues in the sequence of the protein from
which the peptide derives; or

iii) both N and C terminal to the residues of the peptide which flank a T cell
epitope, at least one amino acid selected from arginine, lysine, histidine, glutamate

30 and aspartate.

Optionally, the peptides may additionally be engineered to be more soluble

such that:
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the results of the Epi Matrix anal ysis of these sequences, core peptides

were ide ich were predicted to have good MHC b ' r ties.
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Ber Cyn dI selm@rm? EnPYRYSUEAcid; and /or
ii) any hydrophobic residues in the upto three amino acids at the N or C

terminus of the native sequence of the peptide, which are not comprised in a T cell
5 epitope, are deleted; and/or
iii) any two consecutive amino acids comprising the sequence Asp-Gly in the upto
four amino acids at the N or C terminus of the native sequence of the peptide, which
are not comprised in a T cell epitope, are deleted; and/or
iv) one or more positively charged residues are added at the N- and/or C-

10 terminus.

Examples of peptides engineered to improve solubility are Rye 09B and
TimO7B as described in Example 8. The variants with improved solubility are shown
in Table 8. Thus, peptides Rye 09B1 (SEQ ID NO: 91),
KPEVKYAVFEAALTKAIT; Rye 09B2 (SEQ ID NO: 92),

15 KKPEVKYAVFEAALTKAIT, Tim 07B1, (SEQ ID NO: 93),
KKIPAGELQIIDKIDA, Tim 07B2 (SEQ ID NO: 94), KKIPAGELQIIDKIDAK are
preferred examples of variants with improved solubility. SEQ ID NO:s 91 to 94 may
therefore preferentially be used as substitutes for the above native peptides in a
composition of the invention.

20
Nucleic acids and vectors

The individual peptides that make up the compositions and products of the
invention may be administered directly, or may be administered indirectly by
expression from an encoding sequence. For example, a polynucleotide may be

25 provided that encodes a peptide combination of the invention, such as any
combination of peptides described above. A peptide combination of the invention
may thus be produced from or delivered in the form of a polynucleotide which
encodes, and is capable of expressing, it. Any reference herein to the use, delivery or
administration of a peptide combination of the invention is intended to include the

30 indirect use, delivery or administration of such a peptide combination via expression

from a polynucleotide that encodes it.
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Accordingly, the invention provides a composition for use in preventing or
treating
allergy to grass by tolerisation comprising at least one polynucleotide sequence
which when expressed causes the production of a composition suitable for use in
5 preventing or treating allergy to grass by tolerisation as described above.

The invention also provides a product comprising four or more different
polynucleotides encoding polypeptides of a) to h) or variants thereof as described
above; and wherein each different encoded polypeptide is for simultaneous, separate
of sequential use in the prevention or treatment of allergy to grass in a human.

10 The terms “nucleic acid molecule” and “polynucleotide” are used
interchangeably herein and refer to a polymeric form of nucleotides of any length,
either deoxyribonucleotides or ribonucleotides, or analogs thereof. Non-limiting
examples of polynucleotides include a gene, a gene fragment, messenger RNA
(mRNA), cDNA, recombinant polynucleotides, plasmids, vectors, isolated DNA of

15 any sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A
polynucleotide of the invention may be provided in isolated or purified form.

A nucleic acid sequence which “encodes” a selected polypeptide is a nucleic
acid molecule which is transcribed (in the case of DNA) and translated (in the case of
mRNA) into a polypeptide in vivo when placed under the control of appropriate

20 regulatory sequences. The boundaries of the coding sequence are determined by a
start codon at the 5' (amino) terminus and a translation stop codon at the 3' (carboxy)
terminus. For the purposes of the invention, such nucleic acid sequences can
include, but are not limited to, cDNA from viral, prokaryotic or eukaryotic mRNA,

| genomic sequences from viral or prokaryotic DNA or RNA, and even synthetic DNA

25 sequences. A transcription termination sequence may be located 3' to the coding
sequence.

Polynucleotides of the invention can be synthesised according to methods
well known in the art, as described by way of example in Sambrook et al (1989,
Molecular Cloning - a laboratory manual; Cold Spring Harbor Press).

30 The polynucleotide molecules of the present invention may be provided in the
form of an expression cassette which includes control sequences operably linked to

the inserted sequence, thus allowing for expression of the peptide of the invention in
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vivo in a targeted subject. These expression cassettes, in turn, are typically provided
within vectors (e.g., plasmids or recombinant viral vectors) which are suitable for use
as reagents for nucleic acid immunization. Such an expression cassette may be
administered directly to a host subject. Alternatively, a vector comprising a
polynucleotide of the invention may be administered to a host subject. Preferably the
polynucleotide is prepared and/or administered using a genetic vector. A suitable
vector may be any vector which is capable of carrying a sufficient amount of genetic
information, and allowing expression of a peptide of the invention.

The present invention thus includes expression vectors that comprise such
polynucleotide sequences. Thus, the present invention provides a vector for use in
preventing or treating allergy to grass by tolerisation comprising four or more
polynucleotide sequences which encode different polypeptides of the invention and
optionally one or more further polynucleotide sequences which encode different
polypeptides as defined herein. The vector may comprise 4, 5, 6 or 7 polynucleotide
sequences which encode different polypeptides of the invention. The vector
preferably comprises a first polynucleotide sequence that encodes a polypeptide
selected from SEQ ID NO:s 1 to 27 or a variant thereof as described above, and a
second polynucleotide sequence that encodes a polypeptide selected from SEQ ID
NO:s 28 to 73 or a variant thereof as described above. This (first) vector may be used
in combination with one or more other vectors providing coding sequences for
different polypeptides of the invention not encoded by the first vector.

Furthermore, it will be appreciated that the compositions and products of the
invention may comprise a mixture of polypeptides and polynucleotides.
Accordingly, the invention provides a composition or product as defined herein,
wherein in place of any one of the polypeptide is a polynucleotide cabable of
expressing said polypeptide.

Expression vectors are routinely constructed in the art of molecular biology
and may for example involve the use of plasmid DNA and appropriate initiators,
promoters, enhancers and other elements, such as for example polyadenylation
signals which may be necessary, and which are positioned in the correct orientation,

in order to allow for expression of a peptide of the invention. Other suitable vectors

1.
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would be apparent to persons skilled in the art. By way of further example in this
regard we refer to Sambrook et al. _

Thus, a polypeptide of the invention may be provided by delivering such a
vector to a cell and allowing transcription from the vector to occur. Preferably, a
polynucleotide of the invention or for use in the invention in a vector is operably
linked to a control sequence which is capable of providing for the expression of the
coding sequence by the host cell, i.e. the vector is an expression vector.

“Operably linked” refers to an arrangement of elements wherein the
components so described are configured so as to perform their usual function. Thus,
a given regulatory sequence, such as a promoter, operably linked to a nucleic acid
sequence is capable of effecting the expression of that sequence when the proper
enzymes are present. The promoter need not be contiguous with the sequence, so
long as it functions to direct the expression thereof. Thus, for example, intervening
untranslated yet transcribed sequences can be present between the promoter sequence
and the nucleic acid sequence and the promoter sequence can still be considered
“operably linked” to the coding sequence.

A number of expression systems have been described in the art, each of
which typically consists of a vector containing a gene or nucleotide sequence of
interest operably linked to expression control sequences. These control sequences
include transcriptional promoter sequences and transcriptional start and termination
sequences. The vectors of the invention may be for example, plasmid, virus or phage
vectors provided with an origin of replication, optionally a promoter for the
expression of the said polynucleotide and optionally a regulator of the promoter. A
“plasmid” is a vector in the form of an extrachromosomal genetic element. The
vectors may contain one or more selectable marker genes, for example an ampicillin
resistence gene in the case of a bacterial plasmid or a resistance gene for a fungal
vector. Vectors may be used in vitro, for example for the production of DNA or
RNA or used to transfect or transform a host cell, for example, a mammalian host
cell. The vectors may also be adapted to be used in vivo, for example to allow in
vivo expression of the polypeptide.

A “promoter” is a nucleotide sequence which initiates and regulates

transcription of a polypeptide-encoding polynucleotide. Promoters can include

pl 80
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inducible promoters (where expression of a polynucleotide sequence operably linked
to the promoter is induced by an analyte, cofactor, regulatory protein, etc.),
repressible promoters (where expression of a polynucleotide sequence operably
linked to the promoter is repressed by an analyte, cofactor, regulatory protein, etc.),

5 and constitutive promoters. It is intended that the term “promoter” or “control
element” includes full-length promoter regions and functional (e.g., controls
transcription or translation) segments of these regions.

A polynucleotide, expression cassette or vector according to the present
invention may additionally comprise a signal peptide sequence. The signal peptide

10 sequence is generally inserted in operable linkage with the promoter such that the
signal peptide is expressed and facilitates secretion of a polypeptide encoded by
| coding sequence also in operable linkage with the promoter.

Typically a signal peptide sequence encodes a peptide of 10 to 30 amino

acids for example 15 to 20 amino acids. Often the amino acids are predominantly

15 hydrophobic. In a typical situation, a signal peptide targets a growing polypeptide
chain bearing the signal peptide to the endoplasmic reticulum of the expressing cell.
The signal peptide is cleaved off in the endoplasmic reticulum, allowing for secretion
of the polypeptide via the Golgi apparatus. Thus, a peptide of the invention may be
provided to an individual by expression from cells within the individual, and

20 secretion from those cells.

Alternatively, polynucleotides of the invention may be expressed in a suitable
manner to allow presentation of a peptide of the invention by an MHC class II
molecule at the surface of an antigen presenting cell. For example, a polynucleotide,
expression cassette or vector of the invention may be targeted to antigen presenting

25 cells, or the expression of encoded peptide may be preferentially stimulated or
induced in such cells.

In some embodiments, the polynucleotide, expression cassette or vector will
encode an adjuvant, or an adjuvant will otherwise be provided. As used herein, the
term "adjuvant" refers to any material or composition capable of specifically or non-

30 specifically altering, enhancing, directing, redirecting, potentiating or initiating an

antigen-specific immune response.
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Polynucleotides of interest may be used in vitro, ex vivo or in vivo in the
production of a peptide of the invention. Such polynucleotides may be administered
or used in the prevention or treatment of allergy by tolerisation.

Methods for gene delivery are known in the art. See, e.g.; U.S. Patent Nos.
5,399,346, 5,580,859 and 5,589,466. The nucleic acid molecule can be introduced
directly into the recipient subject, such as by standard intramuscular or intradermal
injection; transdermal particle delivery; inhalation; topically, or by oral, intranasal or
mucosal modes of administration. The molecule alternatively can be introduced ex
vivo into cells that have been removed from a subject. For example, a
polynucleotide, expression cassette or vector of the invention may be introduced into
APCs of an individual ex vivo. Cells containing the nucleic acid molecule of interest
are re-introduced into the subject such that an immune response can be mounted
against the peptide encoded by the nucleic acid molecule. The nucleic acid
molecules used in such immunization are generally referred to herein as “nucleic
acid vaccines.”

The polypeptides, polynucleotides, vectors or cells of the invention may be
present in a substantially isolated form. They may be mixed with carriers or diluents
which will not interfere with their intended use and still be regarded as substantially
isolated. They may also be in a substantially purified form, in which case they will
generally comprise at least 90%, e.g. at least 95%, 98% or 99%, of the proteins,

polynucleotides, cells or dry mass of the preparation.

Antigen presenting cells (APCs)

The invention encompasses the use in vitro of a method of producing a
population of APCs that present the peptides of the invention on their surface, that
may be subsequently used in therapy. Such a method may be carried out ex vivo on a
sample of cells that have been obtained from a patient. The APCs produced in this
way therefore form a pharmaceutical agent that can be used in the treatment or
prevention of grass allergy by tolerisation. The cells should be accepted by the
immune system of the individual because they derive from that individual. Delivery
of cells that have been produced in this way to the individual from whom they were

originally obtained, thus forms a therapeutic embodiment of the invention.

Rye L



Rye Lol p 5b 32 Bi 004B PETALKKAVTAVSEAEK Rye Lol p 5b Bi Q05 on

NDKFTVFESAFI ?1 KALNE Rye Lol p Va. 33 Bi 005B KFTVFESAFNKALNE Rye Lol
51 8, Ry&%%@%sps\élé}lAG Fi | gi AVAAAANA P

5 Rye Lol

10

15

20

25

30

35

Formulations and compositions

The peptides, polynucleotides, vectors and cells of the invention may be
provided to an individual either singly or in combination. Each molecule or cell of
the invention may be provided to an individual in an isolated, substantially isolated,
purified or substantially purified form. For example, a peptide of the invention may
be provided to an individual substantially free from the other peptides. Alternatively,
four or more peptides in the composition may be coupled chemically together, using
standard peptide coupling reagents, to provide a single peptide containing the
preferred epitopes. Such peptides would be screened for basophil histamine release
to confirm lack of histamine release as per the individual peptides. In a further
embodiment, four or more peptides in the composition may be provided as part of a
single polypeptide chain i.e by recombinant means from an encoding polynucleotide.
The four or more peptides may be fused contiguously, or may alternatively be
separated by appropriate linkers.

Whilst it may be possible for the peptides, polynucleotides or compositions
according to the invention to be presented in raw form, it is preferable to present
them as a pharmaceutical formulation. Thus, according to a further aspect of the
invention, the present invention provides a pharmaceutical formulation for use in
preventing or treating allergy to grass by tolerisation comprising a composition,
vector or product according to the invention together with one or more
pharmaceutically acceptable carriers or diluents and optionally one or more other
therapeutic ingredients. The carrier (s) must be 'acceptable’ in the sense of being
compatible with the other ingredients of the formulation and not deleterious to the
recipient thereof. Typically, carriers for injection, and the final formulation, are
sterile and pyrogen free. Preferably, the carrier or diluent is thioglycerol.

Formulation of a composition comprising the peptide, polynucleotides or
cells of the invention can be carried out using standard pharmaceutical formulation
chemistries and methodologies all of which are readily available to the reasonably
skilled artisan.

For example, compositions containing one or more molecules or cells of the

invention can be combined with one or more pharmaceutically acceptable excipients
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or vehicles. Auxiliary substances, such as wetting or emulsifying agents, pH
buffering substances and the like, may be present in the excipient or vehicle. These
excipients, vehicles and auxiliary substances are generally pharmaceutical agents that
do not induce an immune response in the individual receiving the composition, and
which may be administered without undue toxicity. Pharmaceutically acceptable
excipients include, but are not limited to, liquids such as water, saline,
polyethyleneglycol, hyaluronic acid, glycerol, thioglycerol and ethanol.
Pharmaceutically acceptable salts can also be included therein, for example, mineral
acid salts such as hydrochlorides, hydrobromides, phosphates, sulfates, and the like;
and the salts of organic acids such as acetates, propionates, malonates, benzoates,
and the like. A thorough discussion of pharmaceutically acceptable excipients,
vehicles and auxiliary substances is available in Remington’s Pharmaceutical
Sciences (Mack Pub. Co., N.J. 1991).

Such compositions may be prepared, packaged, or sold in a form suitable for
bolus administration or for continuous administration. Injectable compositions may
be prepared, packaged, or sold in unit dosage form, such as in ampoules or in multi-
dose containers containing a preservative. Compositions include, but are not limited
to, suspensions, solutions, emulsions in oily or aqueous vehicles, pastes, and
implantable sustained-release or biodegradable formulations. Such compositions may
further comprise one or more additional ingredients including, but not limited to,
suspending, stabilizing, or dispersing agents. In one embodiment of a composition
for parenteral administration, the active ingredient is provided in dry (fore.g., a
powder or granules) form for reconstitution with a suitable vehicle (e. g., sterile
pyrogen-free water) prior to parenteral administration of the reconstituted
composition. The pharmaceutical compositions may be prepared, packaged, or sold
in the form of a sterile injectable aqueous or oily suspension or solution. This
suspension or solution may be formulated according to the known art, and may
comprise, in addition to the active ingredient, additional ingredients such as the
dispersing agents, wetting agents, or suspending agents described herein. Such sterile
injectable formulations may be prepared using a non-toxic parenterally-acceptable

diluent or solvent, such as water or 1,3-butane diol, for example. Other acceptable
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diluents and solvents include, but are not limited to, Ringer's solution, isotonic
sodium chloride solution, and fixed oils such as synthetic mono-or di-glycerides.
Other parentally-administrable compositions which are useful include those which
comprise the active ingredient in microcrystalline form, in a liposomal preparation,

5 or as a component of a biodegradable polymer systems. Compositions for sustained
release or implantation may comprise pharmaceutically acceptable polymeric or
hydrophobic materials such as an emulsion, an ion exchange resin, a sparingly
soluble polymer, or a sparingly soluble salt.

Alternatively, the peptides or polynucleotides of the present invention may be

10 encapsulated, adsorbed to, or associated with, particulate carriers. Suitable
particulate carriers include those derived from polymethyl methacrylate polymers, as
well as PLG microparticles derived from poly(lactides) and poly(lactide-co-
glycolides). See, e.g., Jeffery et al. (1993) Pharm. Res. 10:362-368. Other
particulate systems and polymers can also be used, for example, polymers such as

15 polylysine, polyarginine, polyornithine, spermine, spermidine, as well as conjugates
of these molecules.

The formulation of any of the peptides, polynucleotides or cells mentioned
herein will depend upon factors such as the nature of the substance and the method of
delivery. Any such substance may be administered in a variety of dosage forms. It

20 may be administered orally (e.g. as tablets, troches, lozenges, aqueous or oily
suspensions, dispersible powders or granules), topically, parenterally,
subcutaneously, by inhalation, intravenously, intramuscularly, intrasternally,
transdermally, intradermally, sublingually, instranasally, buccally or by infusion
techniques. The substance may also be administered as suppositories. A physician

25 will be able to determine the required route of administration for each particular
individual.

The compositions or formulations of the invention will comprise a suitable
concentration of each peptide/polynucleotide/cell to be effective without causing
adverse reaction. Typically, the concentration of each peptide in the composition

30 will be in the range of 0.03 to 200 nmol/ml. More preferably in the range of 0.3 to
200 nmol/ml, 3 to 180 nmol/ml, 10 to 150 nmol/ml, 5 to 200nmol/ml or 30 to 120
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nmol/ml. The composition or formulations should have a purity of greater than 95%
or 98% or a purity of at least 99%.

In one aspect of the invention an adjuvant may be used in combination with
the polypeptide/polynucleotides/cells of the invention. The adjuvant is preferably
administered in an amount which is sufficient to augment the effect of the
polypeptide/polynucleotides/cells of the invention or vice versa. The adjuvant or
other therapeutic agent may be an agent that potentiates the effects of the molecule of

the invention. For example, the other agent may be an immunomodulatory molecule

. or an adjuvant which enhances the response to the peptide or cell of the invention.

In one embodiment, therefore, the peptides, polynucleotides, cells or
compositions of the invention are used for therapy in combination with one or more
other therapeutic agents. The agents may be administered separately, simultaneously
or sequentially. They may be administered in the same or different compositions.
Accordingly, in a method of the invention, the subject may also be treated with a
further therapeutic agent.

A composition may therefore be formulated which comprises a molecule
and/or cell of the invention and also one or more other therapeutic molecules. A
composition of the invention may alternatively be used simultaneously, sequentially
or separately with one or more other therapeutic compositions as part of a combined
treatment.

Non-limiting examples of adjuvants include vitamin D, rapamycin and
glucocorticoid steroids such as dexamethasone, fluticasone, budesonide,
mometasone, beclomethasone, hydrocortisone, cortisone acetate, prednisone,
prednisolone, methylprednisolone, betamethasone and triamcinolone. A preferred

glucocorticoid is dexamethasone.

Therapeutic methods and individual to be treated

The present invention relates to peptides, polynucleotides, vectors and cells
that are capable of desensitising or tolerising human individuals to the allergens
described above and are therefore useful in the prevention or treatment of grass
allergy. The invention provides compositions, products, vectors and formulations for

use in preventing or treating allergy to grass by tolerisation. The compositions of the
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'N MATN symptoms of allergy when exposed to grass. By exposure is meant proximity to, for
example, a grass plant, or a substance or product derived from a grass plant, or a
15 substance or product containing or comprising either of the above. The substance or
product derived from a grass plant is typically grass pollen. By proximity is meant
10 metres or less, 5 metres or less, 2 metres or less, 1 metre or less, or 0 metres from
the items described above. Symptoms of allergy can include itchy eyes, runny nose,
breathing difficulties, red itchy skin or rash.
20 The individual to be treated may be of any age. However, preferably, the
individual may be in the age group of 1 to 90, 5 to 60, 10 to 40, or more preferably
18 to 35.
Preferably, the individual to be treated is from a population that has MHC
allele frequencies within the range of frequencies that are representative of the
25 Caucasian population. Reference population allele frequencies for 11 common

DRBI1 allele families are shown in Table A (Data from HLA Facts Book, Parham
and Barber).

Table A
DRBI1 1 3 4 7 |8 11 12 13 14 15 16

% 64 | 147|157 |88 (34 |83 |39 {147 |29 176 |25
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Reference 9.4 |11.1 {12.8 |13.2 (3.7 (134 {23 |102 |32 |10.7 |3.6
population

%

Reference frequencies were obtained by analysis of multiple studies reporting
frequencies and the figures shown are mean values. Preferably therefore, the
individual to be treated is from a population that has equivalent MHC allele
5 frequencies as the reference population for the alleles referred to Table A (such as for
at least 1, 2, 3, 4, 5 or all of the alleles), for example within the ranges of those
figures plus or minus 1, 2, 3, 5, 10, 15 or 20%.
Preferably the individual is from a population where the allele frequencies of
the following DRB1 alleles is:
10 4 —atleast 9%
7 — at least 10%
11 — at least 8%.
The individual may have had allergy to grass for at least 2 weeks, 1 month, 6
months, 1 year or 5 years. The individual may suffer from a rash, nasal congestion,
15 nasal discharge and/or coughing caused by the allergy. The individual may or may
not have been administered with other compositions/compounds which treat grass
allergy. The individual may live in a geographical region which has:
- a temperate climate, and/or:
- a typical soil pH in the range of about 3.5, 4 or 4.5 to about 5.5, 6, 7 or 8; and/or
20 - amean annual precipitation no less than about 9, 10, 11, 12, 13, 14, 15,16, 17 18,
19 or 20cm per year and no greater than about 180cm, 250cm, 300cm, 400cm or
500cm per year; and/or
- an annual minimum temperature of no less than about -5°C, -4°C, -3°C, -2°C, -1°C,
0°C, 1°C, 2°C, 3°C, 4°C or 5°C and/or
25 - an annual maximum temperature of no greater than about 35°C, about 30°C, about
29°C, about 28°C, about 27°C, about 26°C about 25°C, about 24°C, about 23°C or
about 22°C; and/or
- lies between the latitudes of about 30° north and about 30° south.
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The individual typically suffers from allergy to grass in a particular season.
The season typically corresponds to the flowering season of grass, which is typically
summer, preferably early summer (for example from May to June in the Northern
hemisphere) or late summer (for example August to October in the Northern

5 hemisphere). The graés allergic individual is typically allergic to grass pollen.

Combination immunotherapy
Since many individuals are allergic, or may require desensitizing to several
polypeptide antigens, the current invention also provides means of desensitizing

10 individuals that are allergic to multiple antigens. “Tolerance” induced in an
individual to a first polypeptide antigen or allergen can create in the individual a
“tolerogenic environment” wherein inappropriate immune responses to other
antigens can be downregulated in order to provide tolerance to other antigens.

This finding means that individuals allergic to multiple allergens can be

15 treated in a greatly reduced time period, and that individuals seriously allergic to
some allergens (e.g., peanuts) but more mildly allergic to other allergens (e.g., cat
dander) can benefit from a therapy wherein tolerance to the milder allergen is
established and then this tolerogenic environment is used to provide tolerance to the
other, more extreme allergen. In addition, individuals suffering from an autoimmune

20 disorder who are additionally sensitised (or otherwise immune) to an unrelated
antigen or allergen can benefit from a treatment regime wherein tolerance to the
unrelated antigen or allergen is first established and then this tolerogenic
environment is used to provide tolerance to the autoantigen associated with the
autoimmune disorder.

25 A method is therefore provided for desensitising a grass allergic individual to
grass allergen as described above and one or more further different polypeptide
antigens. The method entails, in a first step, administering to the individual a
composition/product/formulation (primary composition) according to the invention
as described herein and wherein the administration is carried out in a manner

30 sufficient to generate a hyporesponsive state against grass allergen. Once a
hyporesponsive state has been established toward grass allergen, or at least a shift

toward desensitisation has occurred, the method entails administration of a secondary
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composition comprising a second, different polypeptide antigen to which the
individual is to be sensitised. Administration of the secondary composition is carried
out in such a way as to take advantage of the tolerogenic environment established by
use of the primary composition, where it is now possible to establish tolerance to the
5 second, different polypeptide antigen. The secondary composition is coadministered

with either the first primary composition or a larger fragment of the grass allergen(s).
By “coadministered” it is meant either the simultaneous or concurrent administration,
e.g., when the two are present in the same composition or administered in separate
compositions at nearly the same time but at different sites, as well as the delivery of

10 polypeptide antigens in separate éompositions at different times. For example, the
secondary composition may be delivered prior to or subsequent to delivery of the
first composition at the same or a different site. The timing between deliveries can
range from about several seconds apart to about several minutes apart, several hours
apart, or even several days apart. Furthermore, different delivery methods can be

15 employed.

Classes of suitable allergens inclhde, but are not limited to dust mite
allergens, pollens, animal dander (especially cat dander), grasses, molds, dusts,
antibiotics, stinging insect venoms, and a variety of environmental (including
chemicals and metals), drug and food allergens. Common tree allergens include

20 pollens from cottonwood, popular, ash, birch, maple, oak, elm, hickory, and pecan
trees; common plant allergens include those from mugwort, ragweed, English
plantain, sorrel-dock and pigweed; plant contact allergens include those from poison
oak, poison ivy and nettles; common grass allergens include rye grass, Timothy,
Johnson, Bermuda, fescue and bluegrass allergens; common allergens can also be

25 obtained from molds or fungi such as Alternaria, Fusarium, Hormodendrum,
Aspergillus, Micropolyspora, Mucor and thermophilic actinomycetes; epidermal
allergens can be obtained from house or organic dusts (typically fungal in origin), or
from animal sources such as feathers, and dog dander; common food allergens
include milk and cheese (dairy), egg, wheat, nut (e.g., peanut), seafood (e.g.,

30 shellfish), pea, bean and gluten allergéns; common environmental allergens include
metals (nickel and gold), chemicals (formaldehyde, trinitrophenol and turpentine),

Latex, rubber, fiber (cotton or wool), burlap, hair dye, cosmetic, detergent and
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perfume allergens; common drug allergens include local anesthetic and salicylate
allergens; antibiotic allergens include penicillin, tetracycline and sulfonamide
allergens; and common insect allergens include bee, wasp and ant venom, and
cockroach calyx allergens. Particularly well characterized allergens include, but are
not limited to, the major cat allergen Fel d 1, bee venom phospholipase A2 (PLA)
(Akdis et al. (1996) J. Clin. Invest. 98:1676-1683), birch pollen allergen Bet v 1
(Bauer et al. (1997) Clin. Exp. Immunol. 107:536-541), and the multi-epitopic
recombinant grass allergen rKBG8.3 (Cao et al. (1997) Immunology 90:46-51).

Particularly preferred T cell epitopes are derived from the allergens: cat
dander protein Fel d 1; House dust mite proteiﬁs Derp1,Derp 2 and Derp 7;
Ragweed protein amb a 1.1, a 1.2, a 1.3 or a 1.4; Rye grass proteins Lol p 1 and Lol
p 5; Timothy grass proteins Phl p 1 and Phl p 5; Bermuda grass protein Cynd 1;
Alternaria alternate proteins Alt a 1, Alt a 2 and Enolase (Alt a 6); Birch protein Bet
v 1 and P14; German Cockroach proteins Blag 1, Blag2,Blag3,Blag4,Blag5
and Bla g 6; Mugwort protein Art v 1; Russian thistle protein Sal k 1 and Sal k 2;
peanut Arah 1, Arah 2, Arah 3, Arah 4, Arah 5, Ara h 6, plant profilins or lipid
transfer proteins or a human leukocyte antigen.

These and other suitable allergens are commercially available and/or can be
readily prepared as extracts following known techniques.

Preferably, the second polypeptide allergen is a grass allergen or a grass
allergen fragment, more particularly a grass allergen or grass allergen fragment
selected from the list of grass allergen sequences indexed by database accession
numbers (NCBI Entrez accession numbers) below. NCBI is the National Center for
Biotechnology information and is a division of the US National Institutes of Health.
The NCBI web site, from which access to the database may be sought, is
www.ncbi.nlm.nih.gov/. Allergen sequences indexed by database accession

numbers.

75232277 Dac g 1, 75139988 Dac g 1, 75232276 Dac g 1, 33149335 Dac g 1,
33149333 Dac g 1, 75163303 Dac g 5, 75163399 Dac g 5, 75163400 Dac g 5,
14423124 Dac g 5, 14423122 Dac g 5, 14423120 Dac g 5, 1171005 Hol 1 1, 3860384
Holl1,414703 Hol11, 1167836 Hol 1 1, 1085628 Hol 1 1, 2266625 Hol 1 5,

12 .
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2266623 Hol 1 5, 75172041 Hol 1 5, 75098038 Hol 15, 75098037 Hol 1 5, 11991229
Hol 15, 2266623 Hol 15, 2506771 Hor v 1, 282991 Hor v 1, 75219009 Hor v 5,
126385 Lol p 1, 168314 Lol p 1, 6599300 Lol p 1, 75274600 Lol p 1, 168316 Lol p
1,3210053 Lol p 1, 3210049VL01 p1,3210047 Lolp 1, 3210050 Lol p 1, 3210044
5 Lolp1,3210043 Lol p 1,3210041 Lol p 1, 3210039 Lol p 1, 3210037 Lol p 1,
3210036 Lol p 1,3210035 Lol p 1, 3210034 Lol p 1, 3210033 Lol p 1, 3210032 Lol
p 1,3210030 Lol p 1, 100636 Lol p 1320616 Lol p 1, 320614 Lol p 1, 100638 Lol p
1,100636 Lol p 1, 320614 Lol p 1, 100637 Lol p 1, 126386 Lol p 2a, 126387 Lol p

’ 3,2498581 Lol p 5 a,4416516 Lol p 5 a, 485371 Lol p 5 a, 100639 Lol p 5 a,

10 3409495 Lol p 5 a, 3409494 Lol p 5 a, 3409493 Lol p 5 a, 3409489 Lol p 5 a,
3409488 Lol p 5 a, 3409487 Lol p 5 a, 3409486 Lol p 5 a, 3409484 Lol p S5 a,
3409483 Lol p 5 a, 3409481 Lol p 5 a, 3409479 Lol p 5 a, 3409478 Lol p 5 a.
3409477 Lolp 5a, 3409476 Lolp5a, 3409475 LolpS5 a, 3409474 Lolp 35 a,
3409473 Lol p 5 a, 3409472 Lol p 5 a, 3409471 Lol p 5 a, 3409470 Lol p 5 a,

15 3409469 Lol p 5 a, 3409468 Lol p 5 a, 3409467 Lol p 5 a, 3409466 Lol p 5 a,
3409456 Lol p 5 a, 3209999 Lol p 5 a, 3210002 Lol p 5 a. 3210003 Lol p 5 a,
3210004 Lol p 5 a, 3210005 Lol p 5 a, 3210006 Lol p 5 a, 3210007 Lol p 5 a,
3210008 Lol p 5 a,3210009 Lol p S a, 3210010 Lol p 5 a,3210011 Lol p 5 a,
3210012 Lol p 5 a,3210013 Lol p 5 a, 3210014 Lol p 5 a, 3210015 Lol p 5 a,

20 3210017 Lol p 5 a,3210018 Lol p 5 a,3210019 Lol p 5 a,3210020 Lol p 5 a,
3210021 Lol p 5 a,3210022 Lol p 5 a, 3210023 Lol p 5 a, 3210024 Lol p 5 a,
3210025 Lol p 5 a,3210026 Lol p 5 a, 542129 Lol p 5 a, 2498582 Lol p 5 b,
3409457 Lol p 5 b, 626028 Lol p 5 b, 542131 Lol p 5 b, 455288 Lol p 5 b, 6634467
Lol p 5¢, 455288 Lol p isoform 9, 1582249 Lol p 11, Additional Lolium sequences :

25 135480;417103; 687261; 687259; 1771355; 2388662; 631955; 542131; 542130;
542129; 100636; 626029; 542132; 320616; 320615; 320614; 100638; 100634,
82450; 626028; 100639; 283345; 542133; 1771353; 1763163; 1040877; 1040875;
250525; 551047; 515377, 510911; 939932; 439950; 2718; 168316; 168314; 485371,
2388664; 2832717; 2828273; 548867; 3409458 Pha a 1, 3210038 Pha a 1, 2498576

30 Phaal, 1246116 Phaa1,3210031 Phaa 1,3210027 Phaa 1, 3210028 Phaa l,
3210029 Pha a 1, 82450 Pha a 1, 409328 Phaa 1, 2498580 Pha a 5, 2498579 Pha a
5,2498578 Pha a 5,2498577 Phaa 5, 1246120 Phap 5, 1246119 Phap 5, 1246118



5 Exanpl e 2 Honol ogy search The sequences of each of the peptides

i dentified above as MHC Class Il- 10 bindi ng were used to probe t he
sequence Wh Bld@Rb4xqt i ve proteins in the grass aIIergen AShiaRi ch the
parent sequence dﬂﬁlved For exanpl e, peptide RyeOl is g{ p %ﬁ

therefore the sequence of RyeOl was uséﬁ to probe for conserved sequences
in Goup 1 fromother grass species, in particular Tinothy. The results of
this analysis are shown bel ow for the residues of Rye Lot p 1 as indicated,
conpared 15 with corresponding sequences fromTinothy Phi p 1 and Bernuda

Cyn d 1 R%ag?\?(j' 38441044H% ,GRY&L 1P 5 , 3409490 Phap S,
Ti not hyLDAKST GKPTGAGPK G 20 109- 128: GHAFGSMAKKGEE RSAG (Rye 02 on)

Ti ot by G AR AN DB L RESREI &P 1 1128008 A5 BhIGek A B
A R A o DB, s,
Cyn d 1 18%2?9?&98%%%4(5&/1@62%[ P?KMISMIZGJW%BMEIB@'S GB2010/ 000198
25 i ndi cat 5‘&'3%%%%253%5@'9% paspbrbnehbe gukiiagad Fibhs e rdd B ps ©
Lo R R AR e ST BB OTR L s oks) P
Phlp 5, 3309043 Phl p 5,3135503 Phl p 5, 626037 Phl p 5, 2851456 Phl p Sa,
2398757 Phl p 5a, 1092249 Phl p 5a, 29500897 Phl p 5a, 422005 Phl p 5a, 3409492
Phl p 5a, 2851457 Phl p 5b, 481397 Phl p 5b, 1096197 Phl p 5b, 2398759. Phl p 5b,
10 3409491 Phl p 5b; Additional Phleum sequences: 458878; 548863; 2529314;
2529308; 2415702; 2415700; 2415698; 542168; 542167; 626037; 542169; 541814,
542171; 253337, 253336; 453976; 439960; 75267691 Poa p 1, 4090265 Poap 1,
280414 Poap 1, 320620 Poa p 1, 250525 Poap 5, 75172042 Poa p 5, 113562 Poa p
9,113561 Poap 9, 113560 Poap 9, 729944 Zea m 1, 115502168 Zea m 1b,
15 11550238 Zea m 1d, 115502167 Zea m Ic, 122238295 Zeam 1, 75272187 Zeam
1, 115502389 Zeam 1, 162459584 Zeam 1, 89892723 Zeam 1, .293902 Zeam 1,

89892721 Zeam 1, 114794319 Zeam 1, 478272 Zeam 1.

Delivery methods

20 Once formulated the compositions of the invention can be delivered to a
subject in vivo using a variety of known routes and techniques. For example, a
composition can be provided as an injectable solution, suspension or emulsion and
administered via parenteral, subcutaneous, epidermal, intradermal, intramuscular,
intraarterial, intraperitoneal, intravenous injection using a conventional needle and

25 syringe, or using a liquid jet injection system. Compositions can also be
administered topically to skin or mucosal tissue, such as nasally, intratracheally,
intestinal, rectally or vaginally, or provided as a finely divided spray suitable for
respiratory or pulmonary administration. Other modes of administration include oral
administration, suppositories, sublingual administration, and active or passive

30 transdermal delivery techniques.

Where a peptide of the invention is to be administered, it is preferred to

administer the peptide to a site in the body where it will have the ability to contact



Phi p 5KI NDGFKAALAAAAGVPPAD Phi p VbDI NVGFKAAVAAAASVPAAD 10 Phi p
VbDI NVGFKAAVAAAASVPAAD Rye 100-119: GATPEAKYDAFVTALTEALR(Rye 06 on) Phi p

5aGATPEA TLSEALR Phi p VaGATPEAKYDAYVATLSEALR 15
S CATPEAKY RN E s o p VbGATPEAKFOSFVASLTEALR Phi %l”dkz‘""’"““”s

VbGATPEAKFDSFVASLTEALR Rye 145-164: GELQY VDKI DAAFKI AATAA(from Rye 07 20 on)
Phi p 5aGELQVI EKDAAFKVAATAA Phi p VaGELQVI EKVDAAFKVAATAA Phi p

5CELQFI EKVDSALKVAATAA Phi p VbCGELQ | DKI DAAFKVAATAA 25 Phi p

VbGELQ | DKI DAAFKVAATAA Rye 154-173: DAAFKI AATAANAAPTNDKF (from Rye 07 on)

Phi p 5aDAARHAMATAMAPRANRIE @llsPhid v%eV@EMHWBWAN%My D
5DSALKVAATAANAAAANDKF Phi . p. VhbDAAFKVAATAAATAPADDKFE. Phj
Vb DAAFKVAATRRAG APegisiaf thssingiyadua o Whgte aniPe o @M@Yltcwl@f%@do n) Phi

B GAYESYICEI EAEATORON B 1§ AREICERYRRY S ESREIT e Biiofto contct

Vb GAYDT YKClaRSh &AW QUabRY E c2lls7of2B6 iddiBvdvAVFEAAL TKAI TAMI (from Rye 09 on)
Phi p SafEVKYTVFETAL KKAI TAMS 45 Phi p VaPEVKYTVFETALKKAI TAMS
Delivery regimes

Administration of the peptides/polynucleotides/cells (such as the composition
containing a plurality of peptides) may be by any suitable method as described
above. Suitable amounts of the peptide may be determined empirically, but typically

10 are in the range given below. A single administration of each peptide may be
sufficient to have a beneficial effect for the patient, but it will be appreciated that it
may be beneficial if the peptide is administered more than once, in which case
typical administration regimes may be, for example, once or twice a week for 2-4
weeks every 6 months, or once a day for a week every four to six months. As will be

15 appreciated, each peptide or polynucleotide, or combination of peptides and/or
polynucleotides may be administered to a patient singly or in combination.

Dosages for administration will depend upon a number of factors including
the nature of the composition, the route of administration and the schedule and
timing of the administration regime. Suitable doses of a molecule of the invention

20 may be in the order of up to 15ug, up to 20pg, up to 25pg, up to 30ug, up to S0ug, up
to 100ug, up to 500 pg or more per administration. Suitable doses may be less than
15ug, but at least 1ng, or at least 2ng, or at least 5Sng, or at least 50ng, or least 100ng,
or at least 500ng, or at least 1ug, or at least 10pg. For some molecules of the
invention, the dose used may be higher, for example, up to 1 mg, up to 2 mg, up to 3

25 mg, up to 4 mg, up to 5 mg or higher. Such doses may be provided in a liquid
formulation, at a concentration suitable to allow an appropriate volume for

administration by the selected route.

Kits
30 The invention also relates to a combination of components described herein
suitable for use in a treatment of the invention which are packaged in the form of a

kit in a container. Such kits may comprise a series of components to allow for a



Phi p 5PEVKYTVFETALKKAI TAMS Phi p VbPEVKYTVFETALKKAI TAMS WO
2010/ 089554PCT/ GB2010/ 000198 56 Phi p VbAEVKYAVFEAALT KAl TAMS Rye

226- 245: Tito QAQKAGKPA (from Rye 09 5 on) Phi p
5aTA|_KKA|/\$k KPA Phi p VaTALKKAI TAVBEAQKAAKPA Phi PCT/GB2010/000198

5TALKKAI TAMBEAQKAAKPA Phi p VbAALTKAI TAK/BEVQ(VSQDA 10 Phi p

VbAALTKAI TAVMSEVQKVSQPA Based on the sequences from Ti not hy grass
protei ns which were highly conserved with the Rye sequences selected in
Exanpl e 1, additional peptides derived fromthese sequences were predicted

as havi ng gratnddrief thenfVdntioR Poeiahile, a kitafigy ddm@mildionk opalorp@ifletehes are
shown in Table 4. Table 4 Goup 1 peptides SEQ ID NO Peptide nane Peptide

Sequence GPspidesy palrnyeleotides gngd/orj cgli® oFhARICREPIE QR ORSRAGNOIERERLides, p 1 25

polynucleotides or cells of the invention and one or more additional therapeutic
agents suitable for simultaneous administration, or for sequential or separate
5 administration. The kit may optionally contain other suitable reagent(s) or

instructions and the like.

The invention is illustrated by the following Examples:

10 Examplel

MHC Class II binding search
The aim of this study is to identify a distinct panel of peptides with strong
affinities for the eight most common human MHC Class Il HLA-DRB1* allotypes.
15 In order to identify binding peptides in the major grass allergens Rye Lol p 1, Rye
Lol p Va, p Vb, p 5a and p 5b, Bermuda Cyn d 1 and Timothy Phl p 5, an in silico
approach known as “peptide threading” was employed using the commercially
available EpiMatrix algorithm (EpiVax Inc.) This is a bioinformatic analysis of
peptides from a sequence for the potential to be accommodated within the binding
20 groove of MHC class I HLA-DR molecules. EpiMatrix is a matrix-based algorithm
that ranks 9 amino acid long segments, overlapping by 8 amino acids, from any
polypeptide sequence by estimated probability of binding to each of the selected
MHC molecules. (De Groot et al., AIDS Research and Human Retroviruses 13:539-
41 (1997)). The procedure for developing matrix motifs was published by Schafer et
25 al, 16 Vaccine 1998 (1998). In this Example, binding potential for HLA DR1, DR3,
DR4, DR7, DRS, DR11, DR13 and DR15 is assessed. Putative MHC ligands are
selected by scoring each 9-mer frame in a protein sequence. This score is derived by
comparing the sequence of the 9-mer to the matrix of amino acid sequences known
to bind to each MHC allele. Retrospective studies have demonstrated that EpiMatrix
30 accurately predicts published MHC ligands (Jesdale et al., in Vaccines '97 (Cold
Spring Harbor Press, Cold Spring Harbor, N.Y., 1997)). Successful prediction of

peptides which bind to multiple MHC molecules has also been confirmed.



Ti MD2A HAFGAVAKKGDEQKLRSAG 1 Tim Phi p 1 26 Ti mD3A SNPNYLALLVKYVNGD 1 Tim
Phi p 1 27 TinD4A WGAIWRI DT PDKL 1 TimPhl p 1 20 Group 5 peptides 67

Ti M05A FRABVAAMMSMPAADKFK 5 Tim Phi p5 68 Ti mD6A KFDSFVASEKEALR/deBkM Ph
5 69 TinD7B K PAGELQ | | DKI DA 5 TimpPhl p 5 70 Tind7G

10

Estimated probability of binding to a selected MHC molecule is calculated by

EpiMatrix as follows. The peptides are scored by estimating the relative promotion

or inhibition of binding for each amino acid, compared to known MHC binders for a

given MHC allele. This information is summed across the peptide and a summary

score (EMX score) is assigned to the entire peptide. After comparing the EMX score

to the scores of known MHC ligands, EpiMatrix arrives at an "estimated binding

probability" (abbreviated as EBP, but not strictly a probability). The EBP describes

the proportion of peptides with EpiMatrix scores as high or higher that will bind to a
given MHC molecule. EBPs range from 100% (highly likely to bind) to less than 1%
(very unlikely to bind).

The polypeptide sequences analysed by EpiMatrix are shown in Table 1:

Table 1
Ber01 ori SGKAFGAMAKKGQEDKLRKA
Ber02 ori PKDSDEFIPMKSSWGAIWRIDPKKPLKGP
Ber03 ori RLTSEGGAHLVQDDVIPANWKPDTVYTSK
Bio01 ori QKLIEKINAGEKAAVAA
Bio02 ori AYVATLTEALRVIAGTL
Bi003 ori KFIPTLVAAVKQAYAAKQAT
Bio04 ori TALKKAVTAMSEAEKEA
Bio05 ori NDKEFTVFESAFNKALNE
Rye01 ori LDAKSTWYGKPTGAGPKDNG
Rye02 ori GHAFGSMAKKGEEQNVRSAG
Rye03 ori GSNPNYLAILVKYVDGDGDV
Rye04 ori KESWGAVWRIDTPDKLTGPF
‘| Rye05 ori DVNAGFKAAVAAAANAPPAD
Rye06 ori GATPEAKYDAFVTALTEALR
Rye07 ori GELQIVDKIDAAFKIAATAANAAPTNDKE
Rye08 ori GAYETYKFIPSLEAAVKQAY
Rye09 ori PEVKYAVFEAALTKAITAMTQAQKAGKPA
Tim10 ori PEVKYTVFETALKKAITAMSEAQ

p



FKVAATAANAA PAN DK 5 Tim Phi p5 71 TinD8 Y KF | PALEAAVKQAY 5 Tim Phl p 5
72 Ti mMD8A PEE SYKFI PALEAAVKQAY 5 Tim Phl p 5 73 Ti nD9A LTKAI TAMS EVQKVSQ

5 Ti m Phi 8 5 25 Exanmple 3 In vitro binding analysis The pepti des
i dent i fi eWOFLIHBEPRY potential MHC Cass II-binding are BF@@EP@EW@&gFor
solubility in an aqueous, acidic mlief’and the peptides are tested in an
30 in vitro MHC Class Il binding assay. WD 2010/ 089554PCT/ GB2010/ 000198 57
Met hods The assay enployed is a conpetitive MHC class |1 binding assay,
wherein each peptide is analysed for its ability to displace a known

control binder Roem &AkB r&hits bEthe BpuNBRixMaclysisdF shesé s@jubRdel PRse
investigated. The all|otypes and control peptides used in this study are

typical |y pepiles sisovidensieshvhich wste/predicisdite bavergqodi MECSeindiag @eororBs 0301
The selected peptides are shown in Table 2. Peptides highlighted in grey and marked
* are not selected peptides. These correspond to the original sequences analysed in
5 EpiMatrix, from which the subsequent selected peptides derive. For example, Ber01

derives from Ber01 ori.

Table 2
Group 1 peptides
SEQ ID Peptide

Peptide Sequence Allergen Prot.em of

3 Ber02A WGAIWRIDPKKPL 1 Ber Cyn
4 Ber02B KDSDEFIPMKSSWGAIWR 1 gir Cyn
5_ | Ber02C KSSWGAIWRIDPKKPLK 1 gir Cyn
6 Ber02D MKSSWGAIWRIDPKKPLK 1 gir Cyn
7 BerO2E MKSSWGAIWRIDPPKPLK 1 gir Cyn

| Ber03A ' CY\H

dl

9 Ber(04 KATFYGSDPRGAAP 1 Ber Cyn
' dl

10 Ber05 AYHFDLSGKAFG 1 Ber Cyn
- dl

GKPTGAGPKD

T LDAKSTWYGKPTGAG




Myco. tubercul osis/leprae hsp 65 2-16 AKTI AYDEEARRGLE DRB1*1101 I nfl uenza
haemaggl utinin 307-319 PKYVKONTLKLAT DRB1*1501 Human nyelin basic protein
85- 99 ENP PR Control peptides used in the in yi i ndi assays
10 Each o qﬁgﬁﬁm%gldes from Tables 2 tp 4 (excl udi ng t*giéﬁﬁghﬂﬂgﬂg) are
anal ysed in the conpetition assay and sScreened for relative binding
conpared to the control peptides. Due to the nature of the conpetitive
assay the data for each peptide is determned as a ratio of its own 1C50 to
that of the control peptide. Thus, a peptide that has an | C50 value that is
parity to/(the ContlgbemﬂptloEWDBAKBﬂWMdKBTGAGl bijrdi ng 15 Rafef ilmilty, |whil e
peptides with a ratio | ess han one have a higher| affinitypland thosé with a
rati o gr eaEgEarhan el an KV Eshalt m?ﬁ§f7i5§ﬁﬁi *

sol ution ifs .
therapeutl’3
very 20 h orOphOblC
am no aci ¢—+estdues—i-a—p

is a charadferisti Rﬁ'o%ﬁ‘ g%ﬁgﬁé
to one or |n
expect ed tH

. : een
requency of | arn hy rophobic

S
0

ag €0H ers—wH—beet+mnateq. This
E@ﬂg% Elndérs. Pepﬁ $ |ch bi nd
ol es_are i ifilda 1t d be
: TR %

al | ot ypes |t & not b ; o o .

st ruct ur es.15Exanpl eR4#ec03Mhe [ GNPBYLAGLMBYMOd is applied toRvise Isdnme pepti des
as in Exanple 3 D 2010/0 9554PCT/G82010/00019. 58 Cel || pd i i

assay -gohe PR e T .

cells requ
by the incq
detail, 100111 of f
di stri but '7iutu t
t hen placeg into a
4 hours. 'T S
of 2x106ce ﬂs/nﬂ (N

prlate antlgen or peptide conc%ntration s

5E§ﬁG%RiD‘ﬂD g6 wett ptates glie ﬂg,llate> are

i ncu ator st at 37c for maxi mum of
ﬁﬁﬁﬁﬁ r r\

KﬁéﬁﬁhﬁtﬁtﬁﬁgéﬁF?Eﬁpefﬁfﬁ o iyg{ucttration

10 cell
solution ils_then di d into each of the wells of f bl at es
cont ai ni ng 1&nt i gen AREHEPLPEHAERE t hen i|ncubat ed 6y 1% o § days.
The culturles are pulsed with tritiated thynidinelsolutionPdy addi ngl101t1
of tritiated thym dine stock solution (1.85MBg/nl in serumfree RPM
medi um) to each well. The plates are then returned to the incubator for
bet ween 8 and 1&rAapbPephidst ures are then 15 harvested using a Canberra
Packard FilterMate 196 ceII harvester Exled fllter nats ar e counted usi ng

an appr oprfig hixng
pepti de ar » , / , TE5% ( (12
wel I's per [g ! =L UhBT VBR R RISeq. 1The| same
statisticd S h§ignifiC¢nt 20
di f f erence-h e 4 S—ane v L at edwetHts—+t=s

consi dered ?

pepti des ildentified EniMa |
one or nnr@9ep|t0pr§“ﬁ5€d|c 2 al L ol os
9 t her st idi es.

I n many c436s the epi el es.
Sonme sequences had|two or ver | a ] : ing but
Cl Ose epl tk e T Ry B F I SR i - o ek *

31 | B1004 LKKAVTAMSEAEK - Rye Lol p
5b
32 Bi0o04B PETALKKAVTAMSEAEK 5 Rye Lol p

33 | Bio05SB | KFTVFESAFNKALNE 5 Rye Lol p




30 to the sane or different M-1C Class Il alleles. The sel ected peptides
are shown in Tables 5A and 5B, bel ow 44 peptides were tested for
activity | in vitro T cell cytokine rel ease assay j i,ng
peri pher a‘}vaﬁm}zoéb#énonucl ear cells (PBI\/Cs) from48 gr asg‘(ﬁ&\%29?09'00{1‘139'8
2010/ 089554PCT/ GB2010/ 000198 59 al | er gi°t i ndivi dual s. Peripheral bl ood
nmononucl ear cells (PBMCs) were isolated from heparinised blood by Ficoll
density gradient centrifugation. Results are shown in Table 5A. Anot her

group of 15 peptldes wer e tested |n 28 grass aIIerglc subj ects. Results are
shown in : ' , ABRDOOTE ant R

in Ontari ¢ t
of Interfetg 53N ; 393 d,
(IL-13) in“the supeP Qtants| o Q/tokl re/ reI easg assay 10
Cyt oki ne secretiontprottlestromP anahysed—+hAtesponse t he
pepti de st iBAul ati on Ry%Qﬁ&er nalt\léﬁ WVW%PE% oki n§e rel ea ep :alyp 2r e
tested for._ s Ll = 13,—usi
assays. T ‘ ¥ i1 |
arr ay( Lum i > HEdS e ayv. \rpiec al s
40x106 PBNC HY%F@TABTEAL& |, 250 of a|Z¥®pIglnmP $ol ution
of the appropriate|anti gen or peptide concentratijon was diVstri buted|into
the appropnyate wel Rye@dB 48| rehkyphaveaLTEAaRes WeF e thenRyeclldt ¢d|in a
hum di fi eq 5%C02 |ncubat or|at 37C for a ITB.XI mm of 4 hourns 250111fof a
returned tj s of
culture 2 A VeSHE : assay
accordi ng t3 standard %roto:o S. p| callTy, the sjanples \/";_lee harvés{ed into
3 al i quot s—andfrezen—untHtthe-ELISA-assay s—wer-e—petrfored A
positive rééul t for Ré’?%l af FgﬁTgtng;\ygE?ﬁ secr t on vvaclf}aekeLr?lWel e the
reading was_greaten than four tines the control v wher'é no pepti de was
added. 25 |M8pti des | Gyo0HG a| BBSPATHBNPBEINDKS o n% or MEYCyBkiFhes in
nmore than [18 out of the 48 subjects in the first lgroup or V& out of f{he 28
subj ects il#lt he se¢®yd0Gd oupARELAATBBNBAPTYDEe parti cul arlRyeudeflule in the
treatment jof grass|allergy. ' |§{hithe first group
of 48 subj/es RS c e®yed
subj ects f : 0’
posi tives [for The TiRyeeg CY okohl _ bl
shows t he |nunber of posi ti ves for the three cytokines out y60 of the group
of 28. Pr rred pt kBT Lerta gef i ned @Rove, ar,
hi ghl i ght ed§| n bol d. %I e b E'Tgkgept |L§ IV(If—gng +ve/ 48 |L-13£ve/ 48 IpeL- 10
tve/ 48 >18/48 +ve—fg of—one rote—cytoki-ne?Berot
44 ‘Ryeffgﬁ Déka‘I'P’i‘L\'I?—\\IR 5 Rye Lol p
45 RyeO9A L%‘KAITAMTQAQKAGK 5 | Rye th;l p
Va
46 Rye09B PEVKYAVFEAALTKAIT 5 Rye Lol p
Va
47 Rye09D KYAVFEAALTKAITAMT 5 Rye Lol p
Va
48 Ryell DKFKIFEAAFSESSK 5 Rye Lol p
: Va
49 Ryel3 TPLRRTSSRSSRP 5 Rye Lol p
’ Va
50 Ryel4 DVAYKAAEAHPRGQ 5 Rye Lol p
Va
51 Ryel5 ALRVIAGTLEVHA 5 Rye Lol p
Vb
52 Ryel6 FENTFNNAIKVSLG 5 Rye Lol p
Vb




35 22 34 Yes Ber02 26 21 15 Yes Ber02A 17 15 7 No Ber02B 22 17 3 Yes Ber02C
29 18 9 Yes Ber03A 8 7 23 Yes Bi 002A 15 12 31

WO 2010/089554 PCT/GB2010/000198
52

53 Timl0B | KYTVFETALKKAITAMSE |5 Tim Phlp 5

54 Tim10C | LKKAITAMS 5 Tim Phl p 5
55 Tim10D | PETALKKAITAMS 5 Tim Phl p 5

Tim = Timothy grass; Rye = Rye grass; Cyn = Bermuda grass

Any peptides indicated above which have an N terminal glutamate (E) or glutamine

(Q) residue, for example Rye 08A, may have this residue replaced with

pyroglutamate to improve stability during manufacture, without affecting function of
5 the peptide. The data from further testing of these peptides is typically obtained using

peptides where such replacement has taken place. _

A further EpiMatrix analysis was performed on the entire sequences of three
known Timothy grass sequences: Timothy Grass Phl p 1 (NCBI Accession no.
IN10A), Timothy Grass Phl p Va (NCBI Accession no. Q40962), and Timothy

10  Grass Phl p Vb (Accession no. Q40963). This analysis identified further core
peptides (and their flanking sequences) which are predicted to have good MHC
class-II binding. These sequences are shown below in Tables 3A-C. In each table:

“Residues in main sequence” gives the location of the peptide within the
sequences that were analysed. The core peptide (underscored middle amino acids in

15 bold) defines the actual binding sequence that was identified during the analysis. The
stabilizing flanks (N-terminal and C-terminal, not bold) were included for use with
the core sequence and are typically required to aid manufacture of the peptides.
“Number of hits” refers to the number of high predicted binding affinities for all
MHC types tested within the sequence. The “EpiMatrix Cluster Score” is derived

20 from the number of hits normalized for the length of the cluster. Cluster Score is thus
the excess or shortfall in predicted aggregate MHC binding properties relative to a
random peptide standard. A score above 10 is considered to indicate broad MHC

binding properties.

25 Table 3
A) IN10A —Phlp 1




Yes Bi 003A 26 19 9 Yes Bi 004A 28 16 37 Yes Bi 0o04B 22 16 27 Yes Bi o05B 8 8
34 Yes RyeO01l 12 5 2 No RyeO1lA 2 4 4 No Rye02 4

WO 2010/089554 PCT/GB2010/000198

53

229 - PEGWKADTSYESK -1.77 6 12.78 23

GAGVQPADKYRTFVATFGPASNKA

0% |AETSKLDAAYKLAYKTAEGATPEAK

e S




5 1 No Rye02A 12 6 1 No Rye0O3A 3 5 0 No Rye04 6 3 1 No Rye0O4A 8 4 2 No
RyeO5A 13 10 3 No Rye0O5C 20 19 12 Yes

WO 2010/089554 PCT/GB2010/000198
54

206 - |IPSLEAAVKQAYAATVAAAPQ 0.69 11 12.1 65

5 Example 2

Homology search

The sequences of each of the peptides identified above as MHC Class II-
10 binding were used to probe the sequence of alternative proteins in the grass allergen
group from which the parent sequence derived. For example, peptide Rye01 is from
Lol p 1, therefore the sequence of Rye01 was used to probe for conserved sequences
in Group 1 from other grass species, in particular Timothy. The results of this
analysis are shown below for the residues of Rye Lol p 1 as indicated, compared

15  with corresponding sequences from Timothy Phl p 1 and Bermuda Cyn d 1:

Rye 19-38: LDAKSTWYGKPTGAGPKDNG (RYE
01 ori)
Timothy LDAKSTWYGKPTGAGPKDNG

20
Rye 109-128: GHAFGSMAKKGEEQNVRSAG (Rye
02 ori)
Timothy GHAFGAMAKKGDEQKLRSAG
Cyn d 1 109-128: SGKAFGAMAKKGQEDKLRKA

25
Rye 154-173: GSNPNYLAILVKYVDGDGDV (Rye(3
ori)
Timothy GSNPNYLALLVKYVNGDGDV

30 Rye 190-2009: KESWGAVWRIDTPDKLTGPF (Rye04
ori)
Timothy GKDKWIELKESWGAIWRIDTPDKLTGPFE
Cyn d 1 181-209 PKDSDEFIPMKSSWGAIWRIDPKKPLK

35 Cyn d 1 217-241
EGGAHLVQDDVIPANWKPDTVYTSK
Timothy EGGTKTEAEDVIPEGWKADTSYESK



RyeO6A 11 15 5 No Rye0O6B 11 7 5 No RyeO7A 8 3 25 Yes RyeO7B 10 3 1 No
Rye07G 7 3 2 No RyeO7H 10 8 4 No Rye08 9 6

WO 2010/089554
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PCT/GB2010/000198

Similarly, shown below are results for the residues of Rye Lol p 5 as

indicated, compared with corresponding sequences from Timothy Phl p5 variants as

indicated:
5 Rye 37-56: DVNAGFKAAVARAANAPPAD (Rye 05 ori)
Phl p b5a KINAGFKAALAGAGVQPAD
Phl p Va KINAGFKAALAGAGVQPAD
Phl p 5 KINDGFKAALAAAAGVPPAD
Phl p Vb DINVGFKAAVAAAASVPAAD
10 Phl p Vb DINVGFKAAVAAAASVPAAD
Rye 100-119: GATPEAKYDAFVTALTEALR (Rye 06 ori)
Phl p b5a GATPEAKYDAYVATLSEALR
Phl p Va GATPEAKYDAYVATLSEALR
15 Phl p 5 GATPEAKYDAYVATLSEALR
Phl p Vb GATPEAKFDSFVASLTEALR
Phl p Vb GATPEAKFDSFVASLTEALR
Rye 145-164: GELQIVDKIDAAFKIAATAA (from Rye 07
20 ori)
Phl p b5a GELQVIEKDAAFKVAATAA
Phl p Va GELQVIEKVDAAFKVAATAA
Phl p 5 GELQFIEKVDSALKVAATAA
Phl p Vb GELQIIDKIDAAFKVAATAA
25 Phl p Vb GELQIIDKIDAAEFKVAATAA
Rye 154-173: DAAFKIAATAANAAPTNDKE (from Rye 07
ori)
Phl p ba DAAFKVAATAANAAPANDKEF
30 Phl p Va DAAFKVAATAANAAPANDKEF
Phl p 5 DSALKVAATAANAAAANDKE
Phl p Vb DAAFKVAATAAATAPADDKEFE
Phl p Vb DAAFKVAATAAATAPADDKE
35 Rye 190-209: GAYETYKFIPSLEAAVKQAY (Rye 08 ori)
Phl p 5a GAYESYKFIPALEAAVKQAY
Phl p Va GAYESYKFIPALEAAVKQAY
Phl p 5 GAYESYKFIPALEAAVKQAY
Phl p Vb. GAYDTYKCIPSLEAAVKQAY
40 Phl p Vb GAYDTYKCIPSLEAAVKQAY
Rye 217-236: PEVKYAVFEAALTKAITAMT (from Rye 09
ori)
Phl p ba PEVKYTVFETALKKAITAMS
45 Phl p Va PEVKYTVFETALKKAITAMS
Phl p 5 PEVKYTVFETALKKAITAMS
Phl p Vb PEVKYTVFETALKKAITAMS
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Phl p Vb AEVKYAVFEAALTKAITAMS
Rye 226-245: AALTKAITAMTQAQKAGKPA (from Rye 09
5 ori)
Phl p ba : TALKKAITAMSEAQKAAKPA
Phl p Va TALKKAITAMSEAQKAAKPA
Phl p 5 TALKKAITAMSEAQKAAKPA
Phl p Vb AALTKAITAMSEVQKVSQPA
10 Phl p Vb AALTKAITAMSEVQKVSQPA

15 additional peptides are shown in Table 4.
Table 4
Group 1 peptides
SEQID Peptide Peptide Sequence Group | Protein
NO: name ]
24 Tim02 FGAMAKKGDEQKLRSAG 1 Tim Phl P 1
25 Tim02A HAFGAMAKKGDEQKLRSAG 1 Tim Phl P 1
26 Tim03A SNPNYLALLVKYVNGD 1 Tim Phl p 1
27 Tim04A WGAIWRIDTPDKL 1 Tim Phl P 1
20
Group 5 peptides
67 Tim05A FKAAVAAAASVPAADKEK 5 Tim Phl P 5
68 Tim06A KFDSFVASLTEALR 5 Tim Phl p 5
69 Tim(07B KIPAGELQIIDKIDA 5 Tim Phl P 5
70 Tim07G FKVAATAANAAPANDK 5 Tim Phl o) 5
71 Tim08 YKFIPALEAAVKQAY 5 Tim Phip 5
72 Tim08A PEESYKFIPALEAAVKQAY 5 Tim Phl P 5
73 Tim(09A LTKAITAMSEVQRKVSQ 5 Tim Phl P 5
25
Example 3

Based on the sequences from Timothy grass proteins which were highly

conserved with the Rye sequences selected in Example 1, additional peptides derived

from these sequences were predicted as having good MHC binding properties. These

In vitro binding analysis

The peptides identified as being potential MHC Class II-binding are pre-
screened for solubility in an aqueous, acidic milieu and the peptides are tested in an

30 in vitro MHC Class II binding assay.
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Methods

The assay employed is a competitive MHC class II binding assay, wherein each

peptide is analysed for its ability to displace a known control binder from each of the
5 human MHC class II allotypes investigated. The allotypes and control peptides used

in this study are typically those shown below:

Allotype Control Peptide Sequence

DRB1*¥0301 | Myco. tuberculosis/ieprae hsp 65 2-16 | AKTIAYDEEARRGLE
DRB1#*1101 | Influenza haemagglutinin 307-319 PKYVKQNTLKLAT
DRB1*1501 | Human myelin basic protein 85-99 ENPVVHFFKNIVTPR

Control peptides used in the in vitro binding assays

10  Each of the peptides from Tables 2 to 4 (excluding those marked *) are analysed in
the competition assay and screened for relative binding compared to the control
peptides. Due to the nature of the competitive assay the data for each peptide is
determined as a ratio of its own IC50 to that of the control peptide. Thus, a peptide
that has an IC50 value that is parity to the control peptide has an identical binding

15 affinity, while peptides with a ratio less than one have a higher affinity and those

with a ratio greater than one have a lower affinity.

Solubility in aqueous solution is an essential criterion for a peptide to be an effective
therapeutic agent. Therefore, as a consequence of the solubility screen very

20 hydrophobic peptides with a high frequency of large hydrophobic amino acid
residues in multiple binding registers will be eliminated. This is a characteristic of
promiscuous HLA-DRB1* binders. Peptides which bind to one or more of the MHC
Class II allotypes are identified. It would be expected that such peptides would have
the ability to bind similar allotypes that have not been tested through the homology

25 of MHC structures.

Example 4
The following method is applied to the same peptides as in Example 3.
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Cell proliferation assay

The cell proliferation assay is performed on PBMC’s (140x10° cells required
for all parameters to be tested). Proliferation is measured by the incorporation of the
radiolabelled compound 3H-thymidine. In more detail, 100pl of the appropriate
antigen or peptide concentration is distributed into the appropriate wells of 96 well
plates. The plates are then placed into a humidified 5% CO2 incubator set at 370C
for a maximum of 4 hours. PBMC’s isolated as described above are prepared to a
concentration of 2x10° cells/ml in complete medium at room temperature. 100ul of
cell solution is then distributed into each of the wells of the 96 well plates containing
antigén/peptide. The plates are then incubated for 6 to 8 days. The cultures are
pulsed with tritiated thymidine solution by adding 10ul of tritiated thymidine stock
solution (1.85MBg/ml in serum-free RPMI medium) to each well. The plates are
then returned to the incubator for between 8 and 16 hours. Cultures are then
harvested using a Canberra Packard FilterMate 196 cell harvester. Dried filter mats
are counted using an appropriate beta scintillation counter.

Counts from wells containing peptide are compared statistically to wells
containing media alone (12 wells per group). The non-parametric Mann-Whitney test
is used. The same statistical test is used for all subjects. A statistically significant
difference between media only wells and peptide-stimulated wells is considered a

positive stimulation of PBMC’s by the peptide.

Example 5

59 peptides identified by the EpiMatrix analysis of Example 1 that
encompassed one or more epitopes predicted to bind to at least 5/8 MHC Class II
alleles (HLA DRO1, 03, 04, 07, 08, 11, 13, 15) were selected for further studies. In
many cases the epitopes were predicted to bind all 8 of these alleles. Some sequences
had two or more overlapping epitopes or non-overlapping but close epitopes binding
to the same or different MHC Class II alleles. The selected peptides are shown in
Tables 5A and 5B below.

44 peptides were tested for activity in the in vitro T cell cytokine release

assay described using peripheral blood mononuclear cells (PBMCs) from 48 grass

Tabl e 5B

nore
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allergic individuals. Peripheral blood mononuclear cells (PBMCs) were isolated from
heparinised blood by Ficoll density gradient centrifugation. Results are shown in
Table 5A. Another group of 15 peptides were tested in 28 grass allergic subjects.
Results are shown in Table 5B. The subjects were from Hamilton and surrounding

5 area in Ontario, Canada. The peptides were tested for stimulation of production of
Interferon gamma (IFN-gamma), Interleukin-10 (IL-10) and Interleukin-13 (IL-13)
in the supernatants of the PBMC cultures.

Cytokine release assay

10 Cytokine secretion profiles from PBMC’s were analysed in response to the peptide
stimulation. Supernatants from the cytokine release assay were tested for the
presence of 3 cytokines, IFN-y; IL-10 and IL-13, using ELISA assays. The presence
of all 3 cytokines was assayed using a multiplex bead array(Luminex Corporation).
The cytokine release assay typically required 40x10° PBMC’s per subject. In more

15 detail, 250ul of a 200ug/ml solution of the appropriate antigen or peptide
concentration was distributed into the appropriate wells of 48. well plates. Plates
were then incubated in a humidified 5% CO, incubator at 37°C for a maximum of 4
hours. 250pul of a 5x10° cell/ml PBMC suspension is then added to each well and the
plates returned to the incubator for 5 days. Following stimulation, samples of culture

20 supernatant were harvested for testing by multiplex bead assay according to standard
protocols. Typically, the samples were harvested into 3 aliquots and frozen until the
ELISA assays were performed..

A positive result for stimulation of cytokine secretion was taken where the
reading was greater than four times the control well, where no peptide was added.

25 Peptides giving a positive result for one or more cytokines in more than 18 out of the
48 subjects in the first group or 9 out of the 28 subjects in the second group were
deemed to be particularly useful in the treatment of grass allergy. 20 of the 44
peptides tested in the first group of 48 subjects, and 8 of the 15 peptides tested in the
second group of 28 subjects fulfilled the above criteria.

30 Table 5A shows the number of positives for the three cytokines out of the
group of 48, and Table 5B shows the number of positives for the three cytokines out
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of the group of 28. Preferred peptides fulfilling the criteria defined above are

highlighted in bold.
Table 5A
5
>18/48 +ve for
Peptide [Ny 13 10 one or more
+ve/48 +ve/48 +ve/48
cytokine?

Ber01 35 22 34 Yes

Ber02 26 21 15 Yes
Ber(02A 17 15 7 No
Ber02B 22 17 3 Yes
Ber02C 29 18 9 Yes
Ber03A 8 7 23 Yes
Bio02A 15 12 31 Yes
Bio03A 26 19 9 Yes
Bio04A 28 16 37 Yes
Bio04B 22 16 27 Yes
Bio05B 8 8 34 Yes
Rye01 12 5 No
Rye01A 4 4 No
Rye02 4 5 1 No
Rye02A 12 6 1 No
Rye03A 3 5 0 No
Rye04 6 3 1 No
Rye04A 8 4 2 No
Rye05A 13 10 3 No
Rye05C 20 19 12 Yes
Rye06A 11 15 5 No
Rye06B 11 7 5 No
Rye07A 8 3 25 - Yes
Rye07B 10 3 1 No
Rye07G 7 3 2 No
Rye07H 10 8 4 No
Rye08 9 6 2 No
Rye08A 18 9 32 Yes
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Bio02D 21 8 21 Yes
Bio02E 13 2 24 Yes
Bio04 12 5 8 Yes
Bio05 11 5 1 Yes
Bio03B 13 8 4 Yes
Rye04B 3 6 0 No
Rye07A 1 4 1 No
Rye08B 2 3 1 No
Rye09D 6 4 13 Yes
Ryell 4 10 3 Yes
Ryel2 10 8 5 Yes
Ryel3 6 1 0 No
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Ryel4 5 3 0 No
Ryel5 1 0 1 No
Ryel6 4 3 4 No
Example 6

Ranking criteria for individual grass peptides

The 28 peptides which were selected as being particularly useful in the
treatment of grass allergy on the basis of the criteria used in Example 5 were further
evaluated in order to compare their characteristics. This involved calculation of the
cumulative response observed to all 3 cytokines for each peptide i.e the total score

10  (sum of the number of responders for the three cytokines). Pharmaceutical
development aspects for each peptide were also considered on the basis of physical
and chemical properties, in particular solubility, pI and hydrophobicity index
(GRAVY). Epimatrix software was also used to predict binding strength to MHC
class Il HLA DR alleles, with values shown as high (1%) medium (5%) and low

15 (10%) affinity for each specific MHC class Il HLA DR allele shown.

The results of this analysis for 14 particularly preferred peptides are shown in
Table 6. These particularly preferred peptides are allocated an internal ranking order
of 1 to 14 which corresponds to the Inventors evaluation of their relative utility for
the treatment of grass allergy. The 14 peptides were ranked according principally to

20 the total score (sum of the number of responders for the three cytokines) with some
weighting placed on the [FN-gamma response. Account was also taken of

pharmaceutical development aspects and MHC coverage, as outlined above.

Table 6
25
Epimatrix analysis of
Total GRAV MHC binding affinity Solubility
Peptide Pi RANK
score Y mg/ml
1% 5% 10%

Ber01 91 8.22 -0.94 08, 11 01, 08, 15 03,04,08 >20 1




Ber01 91 8.22 -0.94 08,11 01, 08, 15 03,04,08 >20 1 WO
2010/ 089554PCT/ (3B2010/ 000198 63 Ber02 62 8.75 -0.26 01, 04. 08, 11, 13

11,15 >2045 BR@sR,42 6.12 -0.75 01, 04. 08, 11, 13 11,25 2010000198
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01, 04. 08, 11,
Ber02 62 | 875 | -0.26 3 11,15 >20 5
01, 04.08, 11,
Ber2B | 42 | 6.12 | -0.75 5 11,15 >20 13
Ber02C | 56 | 10.46 | -0.941 | 03,07,08 01, 11 04,13,15 >20 6
Bio02A | S8 | 6.07 | -0.157 | 01,0407 | 08,11, 13 03,15 >20 8
01, 03, 04, 08,
Bio03A | 54 | 10.00 | 0.344 03 >20 7
11, 13, 15
01, 03, 04, 08,
Bio04A | 81 | 850 | -0.377 04 >20 3
11,13
Rye0SC | 51 | 10.00 | 0.176 | 01,04 | 03,08,11,13 | 04,15 10 11
01,03,04,
Rye08A | 58 | 624 | -0.194 o 13, 15 07 >20 9
03, 08,
Rye09B | 68 | 656 | 0447 | 01,07 | 01,04,11,15 13 5 4
Tim0O4A | 51 | 596 | -0.408 | 03,04,07 01, 11 08, 15 2 12
Tim07B | 82 | 4.56 | 0.107 03, 11, 15 01, 13 0.56 2
03, 07,
Tim07G | 49 | 8.59 | -0.062 01, 04, 08, 15 . >20 14
01, 03, 04, 08,
Timl0B | 62 | 843 | -0.017 04 13 1.65 10

The order of ranking for particularly preferred grass peptides is thus: 1,

Ber01, (SEQ ID NO:1), Cyn d 1; 2, Tim07B (SEQ ID NO: 69), Phl p 5; 3, Bio0O4A
(SEQ ID NO: 31), Lol p 5; 4, Rye09B (SEQ ID NO: 46), Lol p 5; 5, Ber02 (SEQ ID

5 NO:2),Cynd 1; 6. Ber02C (SEQ ID NO: 5), Cynd 1; 7, Bio03A (SEQ ID NO: 29),
Lol p 5; 8, Bio02A (SEQ ID NO: 28), Lol p 5; 9, Rye08A, (SEQ ID NO: 43), Lol p
5; 10, Tim10B, (SEQ ID NO: 53), Phl p 5; 11, Rye05C (SEQ ID NO: 35), Lol p 5;
12, Tim04A (SEQ ID NO: 27), Phl p 1; 13, Ber02B (SEQ ID NO:4), Cyn d 1; 14,
Tim07G (SEQ ID NO: 70), Phl p 5.

10 Surprisingly, the top ranked peptide, Ber01 and also 3 other peptides in the
top 14 (Ber02, Ber02C and Ber02B) were derived from the Bermuda grass allergen
Cyn d 1. Bermuda grass is a warm season perennial species adapted to tropical and
subtropical climates. It grows best under extended periods of high temperatures, mild

winters and moderate to high rainfall. Temperature is the main environmental factor
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that limits its adaptability to tropical and subtropical areas of the world. The northern
limits of Bermuda grass extend into the transitional zone of the United States where
low temperatures seldom drop below 10°F. For this reason it would not be expected
that Bermuda grass allergens would be the major allergens recognised by subjects in

5 Canada. Furthermore, Perennial ryegrass, although present, is not the most common
grass in Canada and 6 of the top 14 peptides (Bio02A, Bio03A, Bio04A, Rye05C,
Rye08A, Rye09B) were derived from Perennial rye allergens.

The following is a summary of grass types prevalent in Canada. Almost all

forage grasses in Canada are improved cultivars of European species. Different

10 grasses are adapted to grow in different areas of Canada, depending on soil and
climate conditions. Timothy (Phleum pratense) is the most widely grown grass
outside dry parts of the region, and is a dominant forage grass in eastern Canada.
Crested wheatgrass (Agropyron cristatum) is a dominant forage grass in western
Canada. Orchard grass (Dactylis glomerata) and Russian wild ryegrass (Elymus

15 junceus) are dominant forage grasses in British Columbia. Bromegrass (Bromus
inermis) is grown in eastern Canada and on the Prairies. Kentucky bluegrass (Poa
pratensis) is commonly grown in many areas. In terms of prairie grasses, 3-awn grass
(Aristida longiseta) is found in arid regions of British Columbia, and wild rice
(Zizania aquatica) in eastern Canadian lakes. Certain genera (eg, Arctagrostis and

20 Arctophila) are native to the Canadian Arctic. Turf grasses are developed from
species that show desirable characteristics, eg, density of growth, fast growth after
seeding, ability to remain green, etc. In Canada cold-hardiness and frequently
drought resistance are also important. Popular Canadian lawn grass mixtures often
include species of Poa (eg, Kentucky bluegrass, roughstalk bluegrass) and Festuca

25 (especially creeping red fescue, chewing fescue), although other useful species have
been developed.

Based on the prevalence of grass types in Canada, the observation that grass
allergic individuals of Canadian origin are highly responsive to peptides from
Bermuda grass and Perennial rye is unexpected. Such peptides therefore have the

30 potential to have broad utility in treatmént of grass allergic individuals worldwide.
Also, the peptides which were found to induce high levels of response (ie a high total

score) are commonly derived from allergen proteins conventionally described as
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“minor allergens”, e.g Lol p 5 and Phl p 5. The major Timothy and Perennial Rye
allergens recognized by IgE antibodies in grass allergic subjects are, respectively, Phl
p 1 and Lol p 1. The induction of antibodies to these major allergens in allergic
individuals is a T cell dependent process and so it would be expected that the
peptides inducing high levels of T cell response would be mainly from Phl p 1 and
Lolp 1.

The determination of the top 14 T cell stimulatory peptides from the group of
59 peptides tested in Example 5, and particularly identifying the top 8 peptides which
can be used most optimally in combination involved a narrow and specific selection.
A narrow subset of combinations were identified from a massive number of initially
possible combinations of peptides. The total number of possible combinations for
selecting 8 peptides from the top 14 ranked peptides is 3003. This number of
combinations (3003) represents a very small proportion of the possible combinations
of 8 peptides out of the oﬁginal group of 73 peptides (13,442,126,049) . The
possibility of identifying the top eight ranked peptides by chance is therefore

miniscule.

Example 7
Combinations of grass peptides

Peptide combinations based on selections from the top 8 ranked peptides in
Table 6 were investigated with a view to identifying optimal vaccines for the
treatment of grass allergy. Cytokine assays were performed as in Example 5 for each
mix. The results for ten optimal combinations are listed in Table 7. Combination 1 is
the most optimal combination and comprises all 8 top ranked peptides. It should be
noted that these specific combinations represent a miniscule proportion of the
number of possible combinations of pepfides originally screened in Examples 1 and
2.

Optimal grass vaccine mixes were selected on the basis of showing a
significant release of IFN-y, IL-10 and IL-13 in a large proportion of the study group
of 48 allergic individuals. As such, providing preferred individual grass peptides in
combination increases MHC coverage and and provides an optimised product of

general utility as a grass vaccine. Optimal grass vaccine mixes were also selected on
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the basis of manufacturing considerations, including physical and chemical

characteristics of each peptide in the combination.

Table 7
5
Peptide combination {E-10 13 IFN-710
+ve/48 +ve/48 +ve/48

1 47 41 48
2 47 41 48
3 47 39 48
4 46 39 48
5 44 39 47
6 41 39 46
7 47 40 48
8 46 40 48
9 44 40 48
10 40 40 48

Combinations:

1: Ber01; Ber02; Ber02C; Bio02A; Bio03A; Rye09B; Tim07B; Bio04A

10 2: Ber01; Ber02; Ber02C; Bio02A; Bio03A; Rye09B; Tim07B

3: Ber0O1; Ber02; Ber02C; Rye09B; Tim07B; Bio04A

4: Ber01; Ber02; Ber02C; Rye09B; Tim07B

5: Ber01; Ber02; Ber02C; Rye09B; Bio04A

6: Ber01; Ber02; Ber02C; Rye09B |

15 7: Ber01; Ber02C; Bio03A; Rye09B; Tim07B; Bio04A
8: Ber01; Ber02C; Rye 09B; Tim07B
9: Ber01; Ber02C; Bio03A; Rye09B; Bio04A

10: Ber01; Ber02C; Bio03A; Rye09B
Combination 1 is the most optimal combination based on cytokine release

20 characteristics and comprises all 8 top ranked peptides. This combination provides



-0.017 04 01, 03, 04, 08, 11,13 1.65 10 The order of ranking for
particularly preferred grass peptides is thus: 1, Ber0l, (SEQ ID NO 1), Cyn
d 1l 2, W ID NO 69), PMp 5; 3, Bio0O4A (SEQ ol p 5;
4, RyeOQ-éb?%é%ﬂfs%%szQ 49). Lol p 5; 5 Ber02 (SEQ DS .N’%Z?%&%”g 1. 6.
Ber02C (SEQ ID NO 5), Cn d 1; 7, Bi 06 A (SEQ I D NGO 29), Lol p 5; 8,

Bi 002A (SEQ ID NGO 28), Lol p 5; 9, Rye0O8A, (SEQ ID NGO 43), Lol p 5; 10,

Tim 0B, (SEQ ID NG 53), Phi p 5; 11, Rye0O5C (SEQ ID NO 35), Lol p 5; 12,
Ti mD4A (SEQ ID NO 27), Phi p 1; 13, Ber02B (SEQ ID NO 4), Cyn d 1; 14,

Ti n07G ( SEQeptaeb@erivéd) frortMirBe Brasd s dis] Simgl yBerd heBéroP; BaoRey, Ipdpi s de,
Ber01 and al so 3 other peptides in the top 14 (Ber02, BGF%C and Ber 02B)
wer e deri véRio0BAxRyeOBBiolfdy W&%Pél@@?é@?- é)ﬁc%fn ination} hgkeforgr ass i s a
war m seaso al . ' [ ' climtes.
It grows bgg{%%éﬁsgg{r Peé&%%gﬁ‘?é%ﬁﬁgﬁ%gg%@ﬁ %)%B;ﬁ g%pl@l%%g?sﬁré{é%% ﬂhrgn&) lglﬁ\%:\n nters and
nmoder at e t dafaifggin thri @dmalian sfelypesut unggeststhismeaymotrbeanvinporiagfacior.f act or WO
2010/ 089554PCT/ CB 01@{ 000198 64 tﬂat hlm ts its %daﬁ{)abi | i té to tropical
and subtY opi cal Tsheyld bemotecthaisach spepifie opiimal PMPIaHOR EEPIESCHS Anyida gr ass
extend int ouihfiguk g?db%hidnomhe ﬁ&ﬁ@er@fggé’@?lﬁj_@bﬁlﬁﬂla@&@t&%eﬂi@s%ﬂgﬁﬁllge

tenperatures sel domdrop bel ow 10F. is reason it would not
expect ed t lsereerarimtlttaExpnages. Alsloatliped abowsna fer examplee theegight paptiderginef

recogni sed by,subjects in Cana re, P i-al.. \

al t hough pﬁaﬁ@ma,m’?i TP PRENSS (?%%fn#%f%{’%sp R t&ﬁ({a}@‘éﬁ%ﬁﬁg‘é@g@s@he top
14 pepti degepiRicdQerbenddiin BXAmpBis A0HA.2. Rite OpimalRyeitiditiony eBBovide @ deri ved
from Perennial rye allergens. The following is a summary of grass types

preval el isignifinantigleagd ofdEN-wIIL- Frnddb- 1 ins3848; indigidvalsa are i nproved

cultivars of Europeap species.,.Dif ent _10.9r , tq.grow i n
different areas!of "&%ﬁ‘ﬁ%ﬁy ﬂ&%&éﬁ%&}‘%’? on & QHQI&‘%%%%%%’&&%%&%}@Fgﬁg_

Ti not hy ( Phloeespif sitfca) vargaticndoiDiithehaiabst dipeptideg aad &n whichispgecificy parts
of the region, and Is a dom nant forage_grass in eastern Canada, Crested
wheat gr ass pepigdessye waluded e thejon &1dgntified indirmpls &Jbcagy bessen ahgdner n
Canada. O ' t : ' | asgs

(8 yms 15 TRt FoSot PRgitcl oMRRRIGH B) BTG 60AToM e, T IERET

Br omegr 8&s réfponsamdi83es coveyage Sogil oW1 3 eesporsenCOmbadtiomhd ivpaseden Pr ai ri es.

Kent ucky bl uegrass (Poa at ensi iS.cCo n ro in m areas. In
terns 01}/ prPSP‘?‘ileé f{ﬂ“é?@é’é‘?‘i_’afﬁr%na&&egu%ﬁ% :PélﬁgT"G YSBER) 7S PYURE in arid
regi ons of JBeditdasitCalcHHha is gﬂ?riwng,dgiwxpsotﬁa@a&k@f evdce Y thele €ast ern

Canadi an | akes. Certal n gener eg, Arctagrostis and 20 Arctophila) are
native to tguss&andinade, And thedact Thatfpepiidesdrom hekp dcampiopedereem speci es t hat

h desi r abl h terigtics., Ity..of . wt h aft
Seedi ng, aBriaRrS bl ndbopfain B ARARK Mgl AR b eBflead 07N

frequenpdy drought resistance are also inportant. Popul ar Canadi an | awn
grass m xtures often include species of Poa (eg, Kentucky bl uegrass,
roughst al k BxXammldg &ss) and Festuca 25 (especial |y creeping red fescue,
chewing fe . h ot her useful species have been devel oped.
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soluble as the native peptide. The variants of Tim07B are more than twenty times as

soluble as the native peptide. In addition to improved solubility, both variants also



The determ nation of the top 14 T cell stinulatory peptides fromthe group
of 59 peptides tested in Exanple 5, and particularly identifying the top 8
pepti des i be used nost optimally in conbinatioRi narr ow
and speci%gﬁgé@g%?i on. 10 A narrow subset of conbi nati %ﬁgm\/\%rbie/ﬁﬁoeﬁti fied
froma massive nunber of initially possible conbinations of peptides. The
total nunber of possible conbinations for selecting 8 peptides fromthe top
14 ranked peptides is 3003. This nunber of conbinations (3003) represents a
very small proportion of the possible conbinations of 8 peptides out of the
o(r:I i gi n?l grrétdined thefiabilétp ttd delacd TIcH 4 tokide, reléde whehhtestdbinpogsupof 1@ y of
identifying the top eight ranked peptide y. chance is theyefore mniscule.
Exanpl e 7 SERRHSnkhese kaiapts ‘g‘?%@gé‘ﬁ@ﬂé@@%@?&ﬁf%@e@Eﬁ%i“’rd;fﬁ?eﬁtﬁéwﬁ%lsed on
sel ections : j ' : ItBerk tigated with
aviewto it%EelﬁﬁaE‘g?Rég‘R%S?’if{’m vc%é%)?lmqﬁrdf{é F\azeE§ l?@g?rsr\éﬁttﬁ%l?ﬁ%ﬁgss al l ergy.
Cyt oki ne asysenyiseugere performed as in Exanple 5 for each mix. The results
for ten poptinmal conbinations are listed in Table 7. Conbination 1 is the
nost opt1mal conbi nati on and conprises all 8 top ranked peptides. It should
be 25 notedableag these specific conbinations represent a mniscule

proportion of the nunber of possible conbinations of peptides originally
screened in Exanples 1 and 2. Optinmal grass vaccine mxes were selected on

t he basi s fof—show ng—arstonifigant_retease o ik =10 HHEGAS1in a
| ar ge pr orortiiic'fﬂt1 5 the st udy 5?“0“&6“30 of 48 QPPé’%lé%m?ﬁlé% v?ggalpsﬂék; such,
provi di ng pre[&;agopgq I NdIPENEY AV ESSAPERIAITe$ | n cambi natipn i greases MHC

coverage and and provijdes an optim sed produ¢t of general utility asfa

grass vacdi neRyed9B2nal | KKREVKGAVERAME LKA TG r e al O sel ected 88 WO
2010/ 089557419%/—@ 20101 0001806t RS of [manufagturTngrcongrderat i ons,
i ncl udi ng |phy e ?‘fand chéﬁ‘lagélﬁ%lh@rlggigﬁ stifcs of ohl(g)ach pepti d;hi n the

conbi nati gn. Tiglw7827 5| PepKIMEGEDONIDIAIDAK | L-10 +v@/ 48 | Lr 13 Hde/ 48
| FN-y10 +ve/48 1 47 41148 2 A7 41 48

Example 9

10 Selection of a preferred grass vaccine

During trial manufacturing, one peptide from the top ranked peptides present
in Combination 1 above (Bio03A) was found to be difficult to manufacture due to
having a string of 5 contiguous hydrophobic amino acids. When assessing the impact
of not including Bio03A in a grass vaccine, the overall coverage of the remaining

15 seven top ranked peptides present in Combination 1 was analysed for the 48 subjects.
In this seven peptide mix (Ber01, Ber02, Ber02C, Bio02A, Rye09B, Tim07B and
Bio04A) Tim07B and Rye07B are optionally substituted for the variants Tim07B1
and Rye07B1 having improved solubility.

With the 8 peptides present, including Bio03A, 47/48 subjects (IL-10), 41/48

20 subjects (IL-13) and 48/48 subjects (IFN-gamma) subjects showed positive cytokine
responses. In comparison, with seven peptides present, excluding Bio03A, 47/48
subjects (IL-10), 40/48 subjects (IL-13) and 48/48 subjects (IFN-gamma) showed
positive cytokine responses. Therefore it was concluded that there would be little
impact of not including Bio0O3A in a grass vaccine for manufacture.

25 The response properties of the above peptide combinations was compared
with whole grass pollen extract containing Timothy, Perennial Rye, and Bermuda

grass pollens (Greer Laboratories) and a further positive control, the mitogen SEB.
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The whole grass pollen extract induced cytokine responses in 11/48 (IL-10), 42/48
(IL-13) and 43/48 (IFN-gamma) whilst the other positive control, the mitogen SEB,
induced responses in 47/48 (IL-10), 48/48 (IL-13) and 48/48 (IFN-gamma). The
seven peptide mix thus provides strong cytokine responses in similar percentages of
5 the population as for whole grass allergen.
The selection of the peptides Ber01, Ber02, Ber02C, Bio02A, Rye09B,

Tim07B and Bio0O4A for a preferred seven peptide grass vaccine was also based on
homology considerations. When these seven peptide sequences are compared
between different grasses, there is considerable homology in many cases increasing

10 the probability that grass-allergic individuals will respond to the peptides. This
means that the peptides have utility even in those subjects whose dominant allergic
response is to a grass other than Bermuda, Timothy or Perennial rye. Homologous
sequences from other grasses for the above seven peptides are shown as SEQ ID
NOs 74 to 90 above. For example, the Ber01 peptide contains the 9 mer epitope

15 FGAMAKKGQ which has close homologues in many other common grasses.

Furthermore, the seven vaccine peptides are derived from both group 1 and

group 5 allergens from the three most prevalent grasses (Timothy, Perennial Rye and
Bermuda grasses) and include epitopes with complete or significant homology to the
other common grasses (Orchard, Velvet, Kentucky blue and Canary). The seven

20 peptide sequences therefore maximise the breadth of coverage of grass pollen
allergic individuals making the vaccine suitable for treating all grass pollen allergic

individuals.

Example 10

25 Histamine release assay
The purpose of this assay was to identify whether the preferred seven peptide
combination of Example 9 was capable of activating blood basophils (as a surrogate
for tissue mast cells) resulting in histamine release that may result in allergic
reactions during therapy. A combination of peptides that induces histamine release
30 frequently may be considered unsuitable for use as a peptide vaccine.
Histamine release requires the crosslinking of adjacent specific IgE molecules

on the surface of the basophil. The peptides being evaluated were small (10 to 18



Conbi nati ons: 1: Ber0l1; Ber02; Ber02C, Bi 002A; Bi 003A; Rye09B; Ti nD7B;
Bi 004A 10 2: Ber01l; Ber02; Ber02C, Bi 002A; Bi 003A; Rye09B; TinD7B 3: BerOl;
Ber 02; Bay 9B; Ti nD7B; Bi 004A 4: Ber01; Ber02

T 078 5. r&ooi; %groz Ber 02C, Rye09B; . Bi 004A 6: BerOlg%EQ?ngld:%

Rye09B 15 7: Ber01; Ber02C; Bi 003A; Ryg?)gB Ti n07B; Bi 004A 8: Ber 01,

Ber 02C, Rye 09B; TinD7B 9: Ber01; Ber02C, Bi 003A; Rye09B; Bi 004A 10: BerO01;
Ber 02C, Bi 003A; Rye09B Conmbi nation 1 is the nost optimal

conmbi nati on based on cytokine release 20 characteristics and conprises all
8 top rankeghimeglidgiadenglh) sdcaolld mot, itstefofe postess sighfificant tertiary structure
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variation both in the nunber of ptides and in which specific¢ peptides are
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sel ecting 0 cover age
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Conbi nat i ofincliedsas haseatloloA sjtaptconirs, fapmserﬁargrmuihhgtaause eehehs€ pepti des
from Perenni al The e obtained w such a mx is

surpri si ng ge‘@)‘?r?rt@R%%Bgieﬁ WP&,IEe 8‘% 56%%‘%%‘1"%%’ @Flupﬁ‘ggleea(jﬁ%s?%s in Canada,
and the fact thajisieRid @8SeritfaBbhd-RereRnchsurdd Wmsaunarr&,@ns E!g&@ﬂ;@d ged by IgE
anti bodies in grass allergic individuals are not included Exanpl e 8

| npr ovi Hy sgletdsntage pf thapositive h@ttcd;ﬁ%@qgéwpmetsol) W@@gsym prrfeonel were
identified_ as V. c ti i elrrproved
(see Tabl eu%l)n. hﬁeof“i“ﬁ%?og%céb%ﬁaﬁ%fl ?a{?g vlgnrolag% \Mz}r?gp rﬁ% ég&mr e desi gned

utilising em@ufictufer Sinktysdtioas.r Bslleiiag tl&tmtvh‘ﬁ) Bhall@ﬁgeﬁaﬂm}MOQwﬁt}Df t he
pepti de. The peptides were assessed Iin the Epimatrix software to ensure

that the mpgpPH#desapapyre mixes. wheleaflewgsn enbylier urnaeqorltréﬁhtwsl Wthin the

g R L T e

sequencHs MMilnevaylateds Sariplbd wete testqbbyle compttitivelaeyldoftatnidel K SAal ues. The

vari ants of re twce sql ub tive tide. variants
of TinD7B ar eRy FB“ HarFre e\%m’@s@r Fqﬂfér l%i‘? U‘BP%C a‘[‘ﬁ’l‘éé)rﬁ%f’?‘?/‘éveﬁégtl de. In
addi tion tg, Fgc_'flﬂﬁ%éﬁq t6 901000 bYL). P8¢ BontRhkr@NnSrafdSRsaypd@was selected

2010/ 089554 0/ 000198768 retained their ility to induce T cell
cytokine r @Ia@dsm theageticad &t wvdo dweaogpmmeélﬁatmyéwmcwgd duringsthergpy.i ant s of
Rye09B and 7B . t.her ef rre at,l e native

pepti des, %Vgry peﬁy‘g?ﬁeti?pﬁr gra ne“ H%%h of ﬁtel%‘kgpeutl Cc vaccine

use. 25 concentratlons of up to 10pug/mL per peptide could be present. Although unlikely,
there is a risk that the full dose may be injected into the bloodstream. In this unlikely
event, the maximum clinical dose of 20 pg (12 nmole) of each peptide entering a
blood volume of 5 litres, would result in a theoretical maximum blood concentration
of 4.0 ng/mL. This is at the lower end of the histamine release assay dose range and
30 2000 times lower than the top concentration used in the assay.
A whole grass allergen preparation containing Timothy, Perennial Rye and

Bermuda grass pollens (Greer Laboratories) was used as a control for histamine



5 Table 8 Peptide Sequence Solubility(nmg/nml) SEQ ID NO Rye09Bl
KPEVKYAVFEAAL TKAI T 10 91 Rye09B2 KKPEVKYAVFEAALTKAIT 10 92 Ti rrO?Bl

KKI PAGELQVb?m 93 Ti nD7B2 KKI PAGELQ | DKI DAK 20 94 LEXREhR/00019%°

Sel ection of a pre erred grass vaccine Dur| ng tria manu{acturl ng,
one peptide fromthe top ranked peptidéé present in Conmbination 1 above

(Bi 003A) was found to be difficult to manufacture due to having a string of
5 contiguous hydrophobi ¢ am no aci ds. Wen assessing the inpact of not

i ncluding BioO3A in a grass vaccine, the overall coverage of the remaining

15 seven t ggledsaokech HEip0IQfedFd@s €0 to 100,080m/Md iomeghtivecontiotorsed for the
48 subjects. In thi s seven peptide m x (Ber01, Ber02, Ber02C, Bi 002A,

RyheOQB Ti SDFHARSAHS RseouRy refgaspwas a%rqizﬁ;fbbwmcal?aémsﬁ?i HiAEEr est i t ut ed for
t he variants T| he 8
pepti des present, %If)elml ng“ &g @% %%’%4&8 ?@%thgg I%ﬁkj %&fnplé/{jid;oftzoe

subj ects ( It}le-H_BIBAamﬂvﬁ&ﬁﬂ&nsﬁmhlredéx&ls(\h/ﬁhl-dg&mnm)ed?.)grbptemoiatmhd’mmdth@os| tive
cyt oki ne. resp

In co arls P rese cludin
Bi 003A, 47F@88%fa SPevetesnerpied ip yhe Mé%?&&‘ﬁ? 1%? S%‘;%l?le W&%’%%@“ﬁ‘ﬁ bj ect g
(| FN- gamma), s QYeAnron! Wide 66 8KinbR Jo%§&ﬂﬂ$@§1lutm§ 'b?ﬁg Sﬁtxdeyall‘é?g%ncon0| uded
that there would be little inpact of not including A in a grass

vacci ne f opreparatibncticites >128ThEthe ¢otploristemprreoplsase @Sn of the Iﬁl@e%ﬁtib@‘efefbept i de
conbi nati Oiilo(s)smae con?rrgi)&l%qﬁ of positive control), or where a single value of >15% of '

positive control was achieved at the highest concentration tested (10 ug/mL for
10 peptides), this was considered a “positive histamine release”.

A total of 45 histamine release assays were completed during the study. Of
these, 3 assays were rejected, due to unacceptably high levels (>15%) of histamine
release in the medium plus buffer negative control wells or no response at all in the
positive control wells. Therefore a total of 42 subjects were included in the analysis.

15 The study findings are summarised in Table 9.

Protein Concentration | Subjects with positive | Mean histamine Range

(ng/mL) histamine release release (% pos (% pos control)
(>=15%) control) n=42

Seven peptide

combination * (10) 0/42 0 0-4

Whole grass (100) 32/42 41 2-152

Whole grass (0.01) 21/42 24 0-84

* Seven peptide combination: Ber01, Ber02, Ber02C, Bio02A, Rye09B1,
Tim07B1 and Bio04A.
20 The whole grass allergen preparation induced 15% or higher histamine
release in 32/42 (76%) of subjects at 100 ug/mL. Even at the lowest concentration of
10 ng/mL, the whole allergen induced high levels of histamine release in 21/42
individuals (50%).
In contrast, the seven peptide combination failed to elicit significant
25 histamine release in any of the 42 subjects tested, even at the highest concentration
for which data is shown, where each peptide was present at 10 pg/mL. This isa

concentration 1000 fold higher than the concentration of whole allergen still giving



wi th whol e grass pollen extract containing Tinothy, Perennial Rye, and

Ber nuda grass pollens (Geer Laboratories) and a further positive control,
the mto 2010/ 089554PCT/ GB2010/ 000198 69 Th pol | en
extract %ﬁgﬁggﬁmg$¥€Line responses in /48 (1L-10), 42?£§n?%§y%%§®§nd

43/ 48 (1 FN-gamma) whil st the other positive control, the mtogen SEB,

i nduced responses in 47/48 (I1L-10), 48/48 (I1L-13) and 48/48 (I FN ganma).
The seven peptide m x thus provides strong cytokine responses in simlar
percentages of 5 the popul ation as for whol e grass all ergen. The

sel ection QfrytHigh ROEl bERBtaBRAOklcabeioker Belf 02 sBbjefz M0 myeWIBrheli NO7B and
Bi 004A for a preferred seven peptide grass_ vacci ne was al so based on
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bet ween di { . L i der e honol ogy in many cases
increasingk%gﬁg éegﬁgﬁggﬁ?V%gﬁ%ﬁ%%égﬁggZ@gﬁFggéic i ndi viduals will respond
to the pepti desGividn the egnexcessaif pepidepdyst itateesl ihahie asshy ompared énlikaly t hose

subj ects whose dom nant allergic response js to grass ot.her., t hap Ber nuda,
Ti not hy Sor CPEEBHERIAS © %.Pepﬂﬁjﬁ%l fBB%Y‘jg‘g§£‘&{?8L€‘E§1gf%@rﬁ%ﬁ%@?c‘ﬁ?’é%@é‘gpf or the
above sevep,neplilffs: AGinEaMEh §5thSEReh BePlidk conBiRatRd vy ausEor exanpl e,

the Ber0l peptlde contains the 9 mer epitope 15 FGAMAKKGQ whi ch has cl ose
horol ogues signifivantyhisitinine reloasemithgr byskgksmediated or Bireetipspidn-wediated seven

vacci ne peptid are derived fromboth grou nd gr | ] ergens from
the three EBS_QPEﬁPé{P&Fte%[l aﬁ?%@?@?“f‘%?%{lﬁa&mgg}‘gnnsga n%%e%ﬁ?a%er nuda
grasses) aplidadsihbtiBe echRpEdIInibisATl deenolindu@nhd actvatiomefrol ogy to the
ot her common grasses (Orchard, Velvet, Kentucky bl ue and Canaryz. The seven

20 pept i0e bawghidnendsthergfore hay 2 verplewpeentizldopngdyeing Ighi-medipgedassicor grass
| oo 4 ) . ! .
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The purposekiaf this assay was to identify whether the preferred seven

pepti de conbi nati on of Exanple 9 was capabl e of activating bl ood basophils
(as a surrogate for tissue mast cells) resulting in histam ne rel ease that
may result in allergic reactions during therapy. A conbination of peptides
that ingduces histam ne release 30 frequently nmay be considered unsuitable
for use ‘as a peptide vaccine. Hi stam ne rel ease requires the crosslinking
of adjacent specific IgE nolecules on the surface of the basophil. The
pepti des being evaluated were small (10 to 18 WO

2010/ 089554PCT/ G3B2010/ 000198 70 am no acids in | ength) and should not,
therefore, possess significant tertiary structure that would enable themto
retai n 2he conformation of an | gE-binding epitope of the whole nol ecul e.
Furt hernore, peptide nononers in solution, even if they are bound by IgE,
shoul d not be able to crosslink adjacent |gE nol ecul es. H stanmi ne rel ease 5
from peri pheral bl ood basophils isolated from peripheral whole bl ood
obtained fromgrass allergic subjects was eval uated. Peripheral bl ood
basophils were used as a surrogate for tissue nast cells which were not
practical to assay. The assay required 3x106 peripheral bl ood nononucl ear
cells (5§mm3 per subject. PBMCs were incubated in vitro with the seven
grass peéptides from Exanple 9 in conbination. 10 H stam ne rel ease in
response to whole Grass pollen allergen extract containing Tinothy,
Perenni al Rye, and Bernuda grass pollens (G eer Laboratories) was included
as a control. A positive control, representing total histam ne rel ease,
generated by freeze/thawing the cells twice was al so included in each
assay. Hi stam ne concentrations were neasured by ELISA and results
expressed as 15 a percentage of the positive control (% positive control).
The ass§¥ was performed using the Imunotech Hi stam ne Rel ease | nmunoassay
kit accofding to the manufacturer's instructions. Followng the in vitro
chal l enge of PBMCs with peptides, peptide m xes, whole allergen or buffer
in mcrotitre plate wells, supernatants were renoved and the histanine in
the sanpl es converted to acyl 20 histam ne. Acyl ated sanples were tested by
a conpetitive acyl histam ne ELI SA. Peptides were assayed for their ability
to induce histamne rel ease over a 5 10gl0 range (1 to 10,000 ng/nL). The
concentration range assayed was sel ected based on theoretical in vivo doses
of peptide that may be achieved during therapy. Based on delivery of
peptides by intradermal injection, high |ocal peptide 25 concentrations of
up to I Ogg/ nmL per peptide could be present. Although unlikely, there is a
risk that the full dose nay be injected into the bloodstream In this
unlikely event, the maxi mumclinical dose of 20 lig (12 nnole) of each
pepti de entering a blood volune of 5 litres, would result in a theoreti cal
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30 2000 tinmes |l ower than the top concentration used in the assay. A whole
grass allergen preparation containing Tinothy, Perennial Rye and Berrruda

grass pol Laboratories) was used as a contro
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100, 000 ng/ L. A negative control for §3pont aneous hi stam ne rel ease was
generated by incubating cells in buffer only. Si ngl e neasurenents
were perforned for each dilution. After conpletion of the ELISA, i ndividual
hi stam ne |l evels were determ ned by interpolation fromthe 5 standard curve
generated in the ELISA assay. Resul ((ILAIMR sanples were adjusted to allow

for dilution. Wiere two or nore consecutive dilutions of a peptide/al |l ergen
preparation elicited >15% of the total histam ne rel ease seen in the freeze

thaved positl Ve COMgRlioh shdbiOhorRRSI Sl GerfiAlol e S!lte%?eés ssingl e val ue

of >15% of p05| | PRSIt he hi glfe ntration
tested (10pgmémﬁyfownsa1ﬂ)mmprﬁe@ this was considered a "positive

Conpl ot &l ?ﬁzst hea‘leEﬁWne of e webperiaten i) I EPL R B DB ¥
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buf fer negati ve co no response at all in the positive control
wel |'s. Theref or 67G (FKN@LA’BAAM&BAN&I{)&rWaBanmaQB!é@WQf the analysis. 15

The study fndin are ummrl

(..tg/nl) Subj egl?s vvia(tﬁ FasbYeg glé %I?eé’ ?Fﬁ?@&ié@%%?ﬁlﬁi st ani ne
rel ease (% pos g@mzrmmm V\g%rﬁﬁ@msswmmkmﬁemn Khend Bde02B
conmbination * (10) 0/42 ol e grass (100) 32/42 41 2-152 \Wol e grass

(0.01) 11/ 42 24K®$JEFIPMKSSW§9~EMR@pt%@t@§%YHtfzf%rﬁn Ber 01, Ber 02,

Ber 02C, Bi 002A, Rye09 al | ergen
preparation i nd&c)ed f ton E‘ rp%mj Bé%gﬁlg:og@gase I n 6% of

subj ects at 100 Rygom(PEvaatFEmmmn Bio02/e (KYBXA YWAGLTBALRY nl, the
whol e al | ergen induced hi | evel s of histamn n(8 rel ease in 21/42
i ndi vi dual s ( 50%1003A (KFIP LVAAVKQAYAAKQ) Rye 08A
(ETYKFIPSLEAAVKQAY), Rye 05C NAGFKAAVAAAANAPPK), or a
15 variant of any thereof,
wherein said variant is:
D a longer polypeptide of up to 30 amino acids in length which
comprises the sequence of the corresponding polypeptide specified in
(a), (b) or (c), or
20 1) a polypeptide of 9 to 30 amino acids in length which
comprises a sequence that has at least 65% homology to the sequence
of the corresponding polypeptide specified in (a), (b) or (c), and that is
capable of tolerising to said corresponding polypeptide; or
IIl)  apolypeptide of length 9 to 30 amino acids which corhprises
25 a sequence of at least 9 contiguous amino acids of the sequence of the
corresponding polypeptide specified in (a), (b) or (c), or a sequence
that has at least 65% homology to said at least 9 contiguous amino
acids, which sequence of at least 9 contiguous amino acids or

homologous sequence is capable of tolerising to said corresponding

30 polypeptide.



In contrast, the seven peptide conbination failed to elicit significant 25
hi stam ne rel ease in any of the 42 subjects tested, even at the highest
concentr ich data is shown, mhere each pepti t at 10
pg/ m.. Tﬁ?gqu%§5%§ﬁcentratlon 1000 foI gher than thg%ggﬁggﬁ%@gﬁ?on of
whol e allergen still giving WO 2010/ 08 554PCT/GBZOlO/000198 72 very high

| evel s of histam ne release in over half of the subjects (10 ng/nm.). The
seven peptide conbination therefore has negligible potential for causing

| gE nedi ated reactions even in highly sensitive individuals. Gven the

| arge excegs of Apephp &ﬁldﬂ%%ﬂﬂ%t@@l&tﬁ ltddnsprizhgay conpared to likely 5
concentrations of the peptides

ol 1l owi ng clinical dosing of rass
vaccine, it is abth emimmy&@m&%@“&dﬁ%&@@@%hObeV §E§W§’2 peptl de
conmbi nati on vvou K?F? Qjﬁ?
| gE- nedi ated or th%Z’%ﬁ%pé (?é‘%éﬂoﬁz%& gasopﬁl I %?rn?gah%gtl actl vation
and degranul atiand The h| stam ne rel ease data indicate that the seven
pepti de comrbi nat | nd not i nduc of 10 bagsophils and
t her ef ore has acllg’P)PO ?f%t%‘ﬁpgg (EF@&’M@S@ arﬁ%fa&f&ﬁ e@?ut e allergic
reactions in grass allergic individuals, either systemcally or locally in

the skin. 15 20 25 30 WO 2010/ 08955{1PCT/ GB2010/ 000198 73 CLAIMS 1. A
conposi ti 08. sui tabimpdsiionussiable ferruse enpriementing or treatingw)leagy orgysst o gr ass

075k BALEL by PSRRI Coa e R T SRE RR pAtRest e TRsRB BEE | O

( WGAI VRI DTPDKL) (a)Ti mr%@né }é\w&ﬂ?ﬂmﬁ)o&rvaﬁaﬁt&hmtﬁf of any thereof;
(b) at |east one of the polype tldes Ber 01 ( SGKAFGAMAKKGQED), Ber 02
( FI PNKSEWGA) | Béb)och(eKH BMABKIGQERHoBeYargeBtheriRESDEFI PMKSSWGAI WR

o S0 o ST 0 o
(KYDAYVATLTEAL RYq) Bi 638018 (P VI VARBGAIRRIACH) oFYy @arBA(EIKF| PSLEAAVKQAY).

Rye 05C (NAGFKAAVAAAANAPPFﬁ a _Jlbvari ant of an ther eof , wherein said
variant is: I)a®ong&erfol %M&SS%G& ofp Ve dhetehitho acids in | engt h whi ch

conpri ses the s uen A TR IRBLRPbY PeRidnd thetdCi fied in (a),
(b) or (c), II)aCB%p Cépept\‘vgie of 9 to 30 gm no acids in |length which

conpri sEs a seqtag)nceBJbﬂﬁAH@PﬁvmyK%WAM]mwmtﬂleregﬁqa nce of the

corresponding p nd that is capable
of tolerising tz{‘)y Ei%(g% @g‘g@m&w’ﬁ%@ an%‘?*t(tﬁ F?fg pol ypepti de of
length 9 to 30 amefgmgﬁadgnm,hl@h conpri ses 25a sequence of at least 9

contiguous am no acids of the sequence of the correspondl ng gllypeptl de
specified in (a), (b)) eforgeypolypepiidsedup a0 emino asids indenghyhich59% honol ogy

(0,7 B Lot 9, SO, AR oM IAITRERAP SRt O,

sai d cozg espondi ng 3@pabyipept i de. WO 2010/ 089554PCT/ GB2010/ 000198 74
) a polypeptide 9 to 30 amino acids in length which comprises a
sequence that has at least 65% homology to the sequence of the
corresponding polypeptide specified in (a) to (h), and that is capable
of tolerising to said corresponding polypeptide; or

25 III)  apolypeptide of length 9 to 30 amino acids which comprises

a sequence of at least 9 contiguous amino acids of the sequence of the
corresponding polypeptide specified in (a) to (h), or a sequence that
has at least 65% homology to said at least 9 contiguous amino acids,
which sequence of at least 9 contiguous amino acids or homologous

30 sequence is capable of tolerising to said corresponding polypeptide.

4, A composition according to claim 3 comprising



2. A conposition according to claim1 conprising: a) the polypeptide TinD7B
(KI PAGELQ I DKI DA) or a variant thereof, b) the polypeptide Ber0Ol

( SGKAFGA r a variant thereof, and 5c) the pol i HRQ4A
(LKKAVTA%E% (;Ssrsga vari ant thereof. A conposition séle?g}blﬁzgﬁ){@rlﬁgse in
preventing or treating allergy to grass pollen by tolerisation conprising
at least four different polypeptides selected from (a)TinD7B

(KIPAGELQ I DKI DA) or a variant thereof; 10(b) Ber01l ( SGKAFGAMAKKGQED) or a
vari ant thereof; (c) Bi 004A (LKKAVTAMSEAEK) or a variant thereof; (d)
Rye09B ( PEVKYAVEBAAL Tieolypeptid@ Titad B (KIPAGFEQIIDKIDA ) Be & GarifitItRWEESWGA)  or
a vari ant thereof; (fv%_\l&BerOZC KSSVWGAI VR DPKKPLKg%:‘(L)r a vari ant éﬁgr eof ;
15(g) Bi 003A ( KEPPTL vhlsestons ahtbopobientidesaf st I%%F,GA%@K?-I‘B 502A

( KYDAYVATLTEALR m@ : ' j ' hS; 1)
a | onger pol ype%ateﬁfge@cl) UpS%ngégfe‘{él%%%O%&;%??/r?%engt I&hﬁ?gﬁbggﬁpri ses the
sequence of t he vadantef pontheregf;anldypepti de specified in 20(a) to (h), or

N tide 9 to 30 am ids jn | engt i '
Lt ho 3t T eadd osdt ltorog e pobirerdmad itetia RSB AR g oo
pol ypepti de spegkéé@@ﬁ%&@vﬁmmm@ HibGiA (BYOPPATLIEAIR)eaABI Ng to

sai d corresponding pol ypeptide; or 25l11)a polypeptide of Iengtﬁ 9 to 30
am no aci ds whi BioGKFPEE VAAEKQAECAAKQ)ar 4 vasignt of any thearepfotrd ani no aci ds

f th f th ' I i d | £l ' h),
or a sequance + Fa e S JERBPAEAIFARY BER oS cBPESAAARAT 6%t gubls

am no aci ds, which sequence of at |east 9 contiguous am no acids or
honol ogous SOSe%uence is capable of tolerising to said correspondi ng

pol ypeptd d&: 4. A easmprsiionasrordingde ¢lag 4 sompasing hequbmepdds fimisb

2010/ 08955 98 .7h - i jjmn07B

( KI PAGELQ @%ﬁ@ﬁ%@l %ﬁt‘gpﬁéﬁé‘g&??’ ﬂ%ﬁéa{g&%}}lgg& ;6(% ne of the

pol ypept i déSG KistEaE Dhere & tiepol FePHESBINOAN, and Ber 02C

( KSSWGAI VRI DPKI vari ant of any thereof; and,5(c)at. |easf one of
t he pol ype&@?m@m T REE%\I‘:’R? at &%ﬁ@%e (‘&E@&@\W]@Rﬁ@_ IT),

Bi 002A ( KYRAYYA! by EhlsEbcte@aBodl 003A ( KFI PTLVAAVKQAYAAKQ) or a variant of
any thereof; and (a) at |east one additional polypeptide of b) or c) not

sel ect etb above. 10 5. A conposition according to claim4, conprising the

pol ypeptide Ti B (K I PAGELQ | DKI DA) or _acvariant,. t her.eqf e pol ypeptide
Ber 01 ( smimefEﬁéé%ﬁ’S‘@?n %cg\%‘i%%ﬁ’t B S ¥l% érggedb‘{cﬁ %‘%‘%ﬁ’ﬁ‘g}a 004A
( LKKAVTANSESEKYsiag ofe ¥amof polypeptiaey of aan@df SEQ ERNIDsdne 73de ishovomal

pol ypeptide of b) or c) not selected above. 15 6. The conposition according
to any one Tgbles Bdo fo vardamigthereaf.mot pigMioygly selected above.

20 7. The composition according to any one of the preceding claims, wherein the
composition:
- is capable of tolerising at least 50% or at least 60% of a panel of grass pollen
allergic individuals in the population, and/or
- comprises at least one further polypeptide up to a total of fourteen different
25 polypeptides, wherein the further polypeptides:
(a) comprise a sequence having at least 65% sequence identity to at least
9 or more contiguous amino acids in any of SEQ ID NOs: 1 to 73 not selected
above; and
(b) are 9 to 30 amino acids in length.
30
8. The composition according to any one of the preceding claims, comprising at

least one said polypeptide which is 9 to 20 or 13 to 17 amino acids in length.



conprising one or nore pol ypeptides of any of SEQID NGs 1 to 73 as shown
in Tables 2 to 4 or variants thereof; not previously sel ected above. 20

7. The conpgshiddbssgccording to any one of the precedingyg&ﬁhﬁﬁuumﬁggein t he
conposi tion: i s capabl e of tolergging at | east 50% or at (east 60% of
a panel of grass pollen allergic individuals in the popul ati on, and/or
conprises at | east one further polypeptide up to a total of fourteen

di fferent 25 pol ypeptides, wherein the further polypeptides: (a) conprise
a sequence having at | east 65% sequence identity to at |east 9 or nore
contiguous amno acids in any of SEQID NGs: 1 to 73 not sel ected above;
and (b) are 9 to 30 amno acids in |ength,

30 WO . .
2010/ 089552PCT/ ABRMISHIO RIS AnY. gpgofsthe Pesseding laimsyhich campristse of t he
precedi ng i J i YPRPS f: :
Combi nat i o‘rflﬂse%fﬁ?pgﬁ@g&g)sﬁggphé glretéﬂmfjﬁlla % le 7, v\/nsg{re%lrfrpli lgg{aimc‘)eg;gﬁhslf%nne or
more of saiptiqgrally papbi these cfzsaidoypolgpepsities candet shbstiteted fori aavariapttbereof asas 5
defined in 1_(1). qr, (I 10. A conposition according to any one of the
precediﬁ% éF%Wﬁ%naﬂlﬂﬁ(ﬁ%nprises t he pol ypeptides: (a) TinD7B1
( KKI PAGELQ | DKI DA) ; 10(b) Ber01 ( SGKAFGAMAKKGQED); (c) Bi 004A »
( LKKAVTAMSEAEK) ; (d) Rye09B1 (| CPEVKYAVFEAALTKAIT); (e) Ber02 (FI PNKSSWGA) ;
(f) Ber 02C10KSSWFAINWRIsIRNEKEIrHing taany 08¢ of) theprgeding kivps Which TemMPRpes1 1. The
conpositioglacqordlqg.to any one of the preceding clains, wherein one or
nore of th ﬁﬁﬂ%&%ﬁﬁ”des have one or more nodifications sel ected fromthe
followi ng: 20(i Ydy t eTim0T81 KIGPAGEIL@NDKIDA)) C term nal am dation; (iii)
one or nore hydrogens on the side chain am nes of Arginine and/or Lysine

repl aced with™ a@et WpeBhESGKMBAMAKKGRERpsy| ati on; and
25(v) phosphor yl at\i ong: kv ccording to any one of the
I e e I

precedi ng cl ai he pepti des has been engi neered
to be sol ubl e sgdh tRp09B (EPHWK FAYFEAADNKAIT); nal to the residues of the

pepti de which flank cel | L fope: one to six contiguous am no acids
correspondi ng t&gthegP&S(fﬁmgﬁgsggh%xguous am no acids i mediately N
termnal to sai dprespdiges (KRSWEGAPWRIBPREPAK): Ag] protein from which the

pepti de derives; "and/ or
15 (g) Bio02A (KYDAYVATLTEALR)

11.  The composition according to any one of the preceding claims, wherein one

or more of the polypeptides have one or more modifications selected from the

following:
20 @) N terminal acetylation;
(i)  C terminal amidation;
(ili)  one or more hydrogens on the side chain amines of Arginine
and/or Lysine replaced with a methylene group;
(iv)  glycosylation; and
25 V) phosphorylation.
12.  The composition according to any one of the preceding claims wherein at

least one of the peptides has been engineered to be soluble such that it comprises:
@) N terminal to the residues of the peptide which flank a T cell
30 epitope: one to six contiguous amino acids corresponding to the two to
six contiguous amino acids immediately N terminal to said residues in

the sequence of the protein from which the peptide derives; and/or



WO 2010/ 089554PCT/ GB2010/ 000198 77 (ii) Ctermnal to the residues of the
peptide which flank a T cell epitope: one to six contiguous am no acids

correspongdi t e one to six contiguous anm no acids i j
term nal r\ghr}?h%&%%?d residues in the sg?:uence of the prk?&?ﬂhﬁ@&ﬁkﬁ ch the
pepti de derives; 5or (iii) both N and termnal to the residues of the
peptide which flank a T cell epitope, at |east one am no acid selected from
arginine, lysine, histidine, glutanate and aspartate, wherein the

pol ypeptide has a solubility of at least 3.5ng/m and the T cell epitope 10
has a solubility of (igss th@fnihabihétesidids dtbe popRsiiiitllagicgWradiing to any
one of the preceding clains wherein at |east one of the peptides has been
engi neered to be sol GB@PesPRHMIOIHAEOHIHPYS BMAP Ryids corrgspanding {osthgoRe it esi dues

in the native sequen . ' : I [+ WA ane or

2-am nobutyric acid; g%ncgh}n%éb%??ﬁd %ﬁ%ﬁggﬂ%%{tgﬁrcgge?%ﬁﬁgiskﬂgégﬁg up to three
am no aci ds at the Nraidues irethesapenad ofithe proadin fienswhich nloepeapitide deriypmspt i de,
which are not conprised in a T cell epitope, are deleted; and/or (iii) any
t wo conssec_uti ve anmi nB8facids conprising the sequence 20 Asp-Gy in the up
to four amno acids @it Ngofl Qanfd RAMIMALS (K rebidBed GHithe BepiRBUARGE Of the
peptide, which are not "conprised in a T cell epitope, are deleted; and/or
(iv) one or nore posilankalcetlepitoes at keast dne sminceacidisibested fromearginmad/ or
C-termnus. 25 14. The composi.tion accordi.ng to any one of the preceding

cl ai ms wherein each ogfrﬁ?gglﬁﬁﬁilﬁ}% Eﬂlétgmg%@gﬂ@ggﬂr}%g‘ﬁ on in the range of 0.03 to
200 nmol / mhyhefbis tHeQobHeplidedhdsH solutflity @f 30RasiBBnidinl aid &R T exllleffitopeol / m . 30
15. A conposition for use in preventing or treating allergy to grass pollen
by t ol el shes apolebitipr ofdessghan 3.6m840l one pol ynucl eoti de sequence whi ch when
expressed causes the production of a conposition as defined in any one of
clainms 1 to 13. WD 2010/ 089554PCT/ GB2010/ 000198 78 16. A vector for use in
preventing18r t ihatbmgositibeagyrding gr asone@f kierprbgeding ddinsathenein@adbnpr i si ng
four or nore pol ynucl eotjde sequences whjch each encode a di.fferent
pol ypept i ddeagsonget it%EFHt‘He%W_ ﬁ%e‘_éﬁm‘?ﬂr%d Wg’efo ‘{?lel%“.cg%‘ai?@%tlﬁ?ag{ﬁ'uct
comprising: (a) the ol yRgpkidand|d0ice: (ihPASHQARILDOL he Befiide are 108

( KYTVFETALKKAI TAMSE) , “Ti m 04A" (WGAI WRI DTPDKL) , Ti m 07G ( FKVAATAANAAPANDK)

or a valiant of any ré¢pacedfwittesedint ongaminobi@gicadond; andfor or (11); (b) at

| east one of the pol ypeptides r.01 GKAFCGAVAKKGOED) Ber 02 PNKSSWEA) ,
Ber 02C ( KSSWGAI VRl DPRKPLK yﬁ?ﬁ’éﬁ%&‘f’ 6?%15‘1%%’[5%“5&& \RﬂaS’rdSéﬂ?S%%t of
any thereof as defi nedeiing$ af the hafive seqlierlck bf theasegtid®; Whiét ark@ast one of the

pol ypept i des Bi 004A (LKKAVTAMBEAEK), Rye09B ( PEVKYAVFEAALTKAIT), and Bi 002A
( KYDAYVATLTEALR), Bi 60rBprigadan Pﬂ_&ﬂ;bfm@%m@ etedyand®BA ( ETYKFI PSLEAAVKQAY) ,

7, 5 (NACTRMAEPS o Gl B O g8 11 10

separ at® or sequent i Asp«Glg in thepipets dour angino acitls atethe Noprdl teeminustobtlgr ass
poll en by tolerisation, 18. A phar rgaceut,i cal, .formul ation, fgr u%e 1 n
preventing or treati Ag qegpeavepgt e peptide, which are not comprised in a T cell

epitope, are deleted; and/or

(iv)  one or more positively charged residues are added at the N-
and/or C-terminus.
25
14.  The composition according to any one of the preceding claims wherein each
polypeptide has a concentration in the range of 0.03 to 200 nmol/ml, 0.3 to 200
nmol/ml, 50 to 200 nmol/ml or 30 to 120 nmol/ml.

30 15. A composition for use in preventing or treating allergy to grass pollen by
tolerisation comprising at least one polynucleotide sequence which when expressed

causes the production of a composition as defined in any one of claims 1 to 13.



grass pollen by tolerisation conprising a conposition according to any one
of clainse 25 1 to 15; a vector according to claim16; or a product

accordingqéggﬁhﬁ§§%17; and a pharnmaceutically acceptablgcqﬁﬁ&bﬁﬁmg%ﬁ
. The ,

di | uent. conposi tion, vector or _product according to clalm
formul ated for oral adm nistration, toﬁ?cal adm ni stration, nasal

adm ni stration, subcutaneous 30 adm nistration, sublingual adm nistration,

i ntradermal adm nistration, buccal adm nistration, epidermal or patch

adm nistration or for adm nistration by inhalation or by injection. WO
2010/ 089554PCT/ G3B2010/ 000198 79 20. The conposition as defined in any one
of claims 1 to 15 or product as defined in claim17, additionally

conpri si ng 18- f udt YRsforier yssap prayenting ertpating allergy & grass pellepb¥i ng an

i ndi vi d“f”" tcglgristapﬁn Ebﬁﬁbgﬁfl ?ocdr%pﬁl%% (ﬂyffﬁul&ftﬂl@@e uefides vﬁﬂ%ﬁ ?hc}‘l'e LS EL hod of
det er mi ni ng~ whet her celfs recogni ze’a conp05|?|on as defined 1n any one
of cl ai nms Hiffeverk$pobypeptidesdsrigfiaedincamyiong of alaimd'1 eel3.s wi th sai d pol ypepti de
and detecting whether said T cells are stinmulated by said pol ypeptide. 22.
A met hod according to claim?21 which is carried out to determ ne whether an

individuallhas,Apﬁnhﬁdq%nﬁhgggpf having, an allergy to grass pollen

(a) the polypeptide Tim07B (KIPAGELQIIDKIDA), Tim
10B (KYTVFETALKKAITAMSE), Tim 04A (WGAIWRIDTPDKL), Tim
07G (FKVAATAANAAPANDK) or a variant of any thereof as defined in

10 claim 1 (I) or (I);
(b) at least one of the polypeptides Ber01 (SGKAFGAMAKKGQED)
Ber02 (FIPMKSSWGA), Ber02C (KSSWGAIWRIDPKKPLK) and Ber02B
KDSDEFIPMKSSWGAIWR or a variant of any thereof as defined in claim 1
(D or (II); and

15 (c) at least one of the polypeptides Bio04A (LKKAVTAMSEAEK),
Rye09B (PEVKYAVFEAALTKAIT), and Bio02A (KYDAYVATLTEALR),
Bio03A (KFIPTLVAAVKQAYAAKQ), Rye 08A
(ETYKFIPSLEAAVKQAY), Rye 05C (NAGFKAAVAAAANAPPK) or a
variant of any thereof as defined in claim 1 (I) or (1I),

20 wherein each different polypeptide is for simultaneous, separate or sequential use in

preventing or treating allergy to grass pollen by tolerisation.

18. A pharmaceutical formulation for use in preventing or treating allergy to
grass pollen by tolerisation comprising a composition according to any one of claims
25 1 to 15; a vector according to claim 16; or a product according to claim 17; and a

pharmaceutically acceptable carrier or diluent.

19. The composition, vector or product according to claim 18, formulated for
oral administration, topical administration, nasal administration, subcutaneous

30 administration, éublingual administration, intradermal administration, buccal
administration, epidermal or patch administration or for administration by inhalation

or by injection.
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20. The composition as defined in any one of claims 1 to 15 or product as
defined in claim 17, additionally comprising a further polypeptide allergen for use in

tolerising an individual to the further polypeptide allergen.

21. An in vitro method of determining whether T cells recognize a
composition as defined in any one of claims 1 to 14 comprising contacting said T
cells with said polypeptide and detecting whether said T cells are stimulated by said

polypeptide.

22. A method according to claim 21 which is carried out to determine

whether an individual has, or is at risk of having, an allergy to grass pollen.



